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Role of Multisector 
Partnerships in Controlling 
Emerging Zoonotic Diseases 

Nina Marano,* Paul Arguin,* Marguerite Pappaioanou,t and Lonnie King*^ 


T his issue marks the second time that an issue of 
Emerging Infectious Diseases has been devoted to 
zoonotic diseases; the first zoonoses issue was published 1 
year ago, in December 2004. The publication of this sec- 
ond theme issue attests to the frequency, visibility, and 
attention that these diseases are receiving. A year ago, we 
connnented on several prevailing factors worldwide that 
facilitate the emergence of zoonotic infectious diseases, 
among them a growing human population, increased inter- 
action between species, global climate changes, and rapid 
movement of people and animals (1). These factors contin- 
ue to exert their influence, and we continue to see a pletho- 
ra of emerging zoonotic infectious diseases. 

In their book Beasts of the Earth: Animals, Humans, 
and Disease, Torrey and Yolken point out that domestic 
and international public health and animal health agencies 
have a long history of poor coordination and little effort to 
bridge the gulf between these 2 professional worlds (2). 
The authors suggest that we must learn to cooperate if we 
are to effectively combat emerging microbial threats. In 
the past year, improved cooperation has been evident. We 
have observed early detection and response to several 
important zoonotic diseases threatening the public’s 
health. These responses were made possible by several 
strategic partnerships across human and animal health sec- 
tors — partnerships that have been long in the making. 

As this issue goes to press, the year has been bracketed 
by several major natural disasters in 2 hemispheres — the 
tsunami in Southeast Asia, hurricanes in North America, 
and the earthquake in Pakistan and India. These events 
underscore the fragility of our society and the importance 
of working in partnerships to effectively protect and pro- 
mote the health of all persons in challenging times. In the 
United States, understanding the potential threat for 
zoonotic disease outbreaks in natural disaster settings, 
local and state agencies and the Centers for Disease 
Control and Prevention (CDC) have worked in partnership 


*Centers for Disease Control and Prevention, Atlanta, Georgia, 
USA; fUniversity of Minnesota, Minneapolis, Minnesota, USA; and 
^Michigan State University, East Lansing, Michigan, USA 


with nongovernmental and other federal agencies to aug- 
ment surveillance systems to allow for early detection and 
response to potential rodent- and insect-home infectious 
disease threats (3). 

In between these events, the world detected and 
responded to a range of emerging microbial threats from 
all comers of the animal kingdom, including wildlife, cap- 
tive wildlife in zoos, domestic poultry and livestock, and 
pet animals (4). Recurring reports have shown that H5N1 
avian influenza in Southeast Asia is moving into eastern 
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INTRODUCTION 


Europe, and scientists are concerned that this virus could 
rapidly move across geographic regions through poultry, 
animal husbandry, and wild bird migration (5,6). 
Outbreaks of Escherichia coli have been detected in pet- 
ting zoos (7). Lymphocytic choriomeningitis and West 
Nile virus have been transmitted through organ transplan- 
tation, and outbreaks of Salmonella spp. have been traced 
back to pet rodents (8-10). The world also witnessed the 
remarkable survival of a young woman with rabies in 
Wisconsin (11). 

The articles in this special themed issue reflect emer- 
gence and reemergence of a wide array of known zoonotic 
pathogens, including lyssavirus, hantavirus. Rift Valley 
fever, methicillin-resistant Staphylococcus aureus. 
Echinococcus spp., noro virus, Nipah virus, and Bartonella 
spp., as well as pathogens for which the potential for 
spread to humans is yet unknown, such as canine influen- 
za virus and phocine distemper virus (12-14). 

How should we respond to these emerging disease chal- 
lenges? This year has brought about renewed, and at times 
unprecedented, collaborations and partnerships to confront 
these health challenges. Wildlife, animal agriculture, and 
public health agencies worked together, often for the first 
time. They developed surveillance plans for monitoring 
wild birds for highly pathogenic avian influenza (HPAI), 
provided guidance for safely handling wild birds during 
these monitoring efforts, and created a comprehensive plan 
to combat avian flu in Southeast Asia. Such partnerships 
also facilitated collection of human and wild bird speci- 
mens for HPAI H5N1 surveillance in Southeast Asia, use 
of a survey instrument to evaluate state animal 
health-human health communication and coordination, 
and collaborations with industry for recommendations for 
safely handling pet rodents (15, N. Marano, unpub. data). 

However, we need to respond further by calling for 
more multidisciplinary, integrated research that identifies 
the causes and factors leading to the emergence of zoonot- 
ic diseases and explores how to effectively prevent and 
control them (16). Avian influenza, in particular, has 
shown the importance of this research, as the results are 
vital to the health of both human and animal populations. 

In 2006 we look forward to strengthening and nurturing 
essential collaborations between organization to improve 
human and animal health. One step will be the 
International Symposium on Emerging Zoonoses, organ- 
ized by the World Animal Health Organization and CDC, 
to be held in Atlanta in March 2006. 

This past year we have begun to come together. Let us 
do everything we can to continue in this direction, and the 
reward will be success in protecting and promoting human 
and animal health through effectively confronting zoonot- 
ic infectious diseases. This theme issue is an important 
component in this process. 
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Community Epidemiology 
Framework for Classifying 
Disease Threats 

Andy Fenton* and Amy B. Pedersenf 


Recent evidence suggests that most parasites can 
infect multiple host species and that these are primarily 
responsible for emerging infectious disease outbreaks in 
humans and wildlife. However, the ecologic and evolution- 
ary factors that constrain or facilitate such emergences are 
poorly understood. We propose a conceptual framework 
based on the pathogen’s between- and within-species 
transmission rates to describe possible configurations of a 
multihost-pathogen community that may lead to disease 
emergence. We establish 3 dynamic thresholds separating 
4 classes of disease outcomes, spillover, apparent multi- 
host, true multihost, and potential emerging infectious dis- 
ease; describe possible disease emergence scenarios; 
outline the population dynamics of each case; and clarify 
existing terminology. We highlight the utility of this frame- 
work with examples of disease threats in human and 
wildlife populations, showing how it allows us to understand 
which ecologic factors affect disease emergence and pre- 
dict the impact of host shifts in a range of disease systems. 

M odels of host-pathogen dynamics have typically 
assumed a single-host population infected by a sin- 
gle pathogen. However, most pathogens can infect several 
host species; >60% of human pathogens, >68% of wild 
primate parasites, and >90% of domesticated animal 
pathogens infect multiple host species (1-3). An interest in 
multihost pathogens is particularly timely, given that many 
of the most threatening current pathogens (e.g., HIV, West 
Nile virus, influenza virus, Ebola virus) are believed to 
have crossed species barriers to infect humans, domesticat- 
ed animals, or wildlife populations (1,3-8). However, we 
do not know the host and pathogen characteristics that 
determine such host shifts and the likely characteristics of 
future emerging infectious diseases. To address this issue, 
2 theoretical approaches have been adopted. The first. 


*lnstitute of Zoology, London, United Kingdom; and fUniversity of 
Virginia, Charlottesville, Virginia, USA 


using dynamic models, focuses on the host’s perspective 
and ascertains how a shared pathogen affects the dynamics 
of 2 host populations (9-12). The second approach takes 
the pathogen’s point of view and considers how combined 
host densities affect pathogen persistence within the com- 
munity (13-15). However, as the number of studies grows, 
so does the terminology. Terms such as multihost 
pathogens, dead-end hosts, reservoir hosts, host shifts, and 
spillovers are frequently used, but often different phrases 
are used to describe the same phenomenon, and possibly 
more concerning, the same terminology may be used to 
describe strictly different phenomena. 

This lack of consolidation makes it unclear how these 
different approaches relate in terms of understanding the 
mechanisms driving disease emergence. A need exists for 
a single, comprehensive framework that characterizes dis- 
ease outcomes based on biologically meaningful process- 
es. Recently, attempts have been made to reconcile these 
concepts, mainly by highlighting the role of reservoir hosts 
(13,16). Hay don et al. (13) proposed a conceptual model 
that assumed a target host species was exposed to a 
pathogen endemic in a second host species (or species 
complex). The outcome of infection then depended on the 
sizes of the populations and whether they were able to 
maintain the pathogen alone. This approach expanded the 
naive view that reservoirs are nonpathogenic, single- 
species populations and encompassed the complexity of 
pathogen-host connnunities observed in nature. However, 
focusing just on host density ignores many key features of 
emerging diseases. The likelihood of disease emergence 
will depend on highly dynamic processes determined by 
both between- and within-species transmission rates. 
Therefore, ecologic forces acting on both hosts and 
pathogens will influence the contact structure of the com- 
munity and affect the likelihood and persistence of an 
emerging infectious disease in a new host. 
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PERSPECTIVE 


We propose a conceptual framework to describe the 
configurations of a host-pathogen connnunity that may lead 
to disease emergence in a target host. We develop our 
framework from a simple 2-host 1 -pathogen model and 
establish thresholds for pathogen and host persistence 
based on the between- and within-species net transmission 
rates. We then consider what ecologic factors determine the 
location of various host-pathogen systems within the 
framework. Finally, we use a stochastic model to consider 
what characteristics of the hosts and pathogen define the 
dynamics and likelihood of an emerging infectious disease. 


A 


B 



P22 



Conceptual Framework of an Emerging 
Infectious Disease 

We start by considering the assembly of a 2-host com- 
munity infected by a single pathogen (15,17,18) where the 
pathogen is endemic within host population such that 
individuals of are either susceptible (S^) or infected (Z^). 
We then assume a second target host population (H 2 ) enters 
the community and can become infected by the pathogen 
(Figure lA). Since the pathogen is well established in 
we assume and are unchanged by 7^2’ our model 
most closely resembles the asymmetric model of Dobson 
(15). In the terminology of Hay don et al. (12), is a 
maintenance host species (or species complex) with the 
potential to be a disease reservoir for H 2 . H 2 may or may 
not be a maintenance host (see below). The model is 

at K 

^7 r r rr 

~ fl2 /l2 “ ^2 

(model 1) 

where r is the reproductive rate, K the carrying capacity, 
and d the death rate of the infected hosts. The composite 
functions /22 and/12 describe the net within-species (7^2 to 
H 2 ) and between- species to H 2 ) transmission rates, 
respectively. We assume density-dependent transmission 
and so these functions have the form/^ = /■ 5*2, where (3^^ 

is the per capita transmission rate from species i to species 
j. Therefore, for example, the net rate of transmission from 
to H 2 if 12 ) depends on the size of the susceptible target 
population (5*2), the size of the reservoir (/), and the level 
of exposure and susceptibility of 7^2 (Pi2)- 

The target host population H 2 has 4 possible outcomes: 
1) uninfected, 2) infected but unable to sustain the 
pathogen, 3) infected and able to sustain the pathogen, or 
4) infected and driven to extinction by the pathogen 
(Figure 1). These 4 outcomes are separated by 3 thresholds 
(Figure 1C): i) invasion threshold, ii) persistence thresh- 
old, and hi) host extinction threshold. The first 2 thresh- 
olds are analogous to established density-based thresholds 
in epidemiology; the first allows ecologic invasion of a 
pathogen, which subsequently dies out, and the second 



c 



Figure 1 . Emerging infectious disease framework. A) Schematic 
diagram of the multihost-pathogen community. B) Possible out- 
comes for a novel host, H 2 , after an initial infection by a pathogen 
endemic in an existing host, where (1) the pathogen is unable 
to invade H 2 , (2) the pathogen invades but cannot be sustained 
within H 2 , (3) the pathogen invades and persists in Z/, and (4) the 
pathogen invades and drives Z/ to extinction. C) Three thresholds 
separating the 4 possible outcomes: (i) the invasion threshold, (ii) 
the persistence threshold, and (iii) the host extinction threshold. 


allows persistence of the pathogen (19). Here we combine 
these density effects with the per capita rates of infection 
to express these thresholds in terms of the magnitude of the 
net between- and within-species transmission rates (f ^2 
/22, respectively). 

Community-Epidemiology Continuum 

Infection of H 2 by and transmission within H 2 are 2 
separate processes determined by f ^2 and /22- Different 
combinations of these parameters lead to the different out- 
comes described above, and all possible scenarios can be 
placed within a 2-dimensional continuum (Figure 2), with 
fi 2 on one axis (i.e., can H 2 get infected from H^l) and/22 
on the other (i.e., can H 2 sustain infection?). We can then 
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divide thQf^2~f22 parameter space into regions of different 
disease outcomes. 

Case 1 : Spillover 

In this case, the within-//2 transmission rate is too low 
to sustain the pathogen (f22 0 ). The between-species 

transmission from is also low (f^2 ^)- Thus, although 

infections of H2 do occasionally occur, they are transient. 
This represents the case in which the pathogen is special- 
ized to the endemic host and there is either very low expo- 
sure to H2 (an ecologic constraint, such as parasite 
transmission mode) or H2 is resistant to infection (a phys- 
iologic constraint). We recommend the term spillover to 
describe this form of cross-species infection. Previously, 
spillover has been used to describe a wide range of 
dynamics ( 20 ), but we recommend limiting its use to tran- 
sient infections in a target host because of transmission 
from a reservoir host that is not self-sustaining in the tar- 
get population. 

The recent outbreak of West Nile encephalitis in the 
United States is such a spillover: the virus moved from 
bird populations (H^) to infect humans (H2), which are 
unable to transmit the pathogen (P22 = 0 ) ( 21 ). 
Nevertheless, spillovers still represent a serious health 
concern; increases in the reservoir population may lead to 
dramatic increases in disease prevalence in the target host. 

Case 2: Apparent Multihost Pathogen 

In this case, the within- species transmission rate for the 
target host is low, but the between-species transmission 
rate exceeds the invasion threshold, resulting in persistent 
infections in H2. This case represents apparent multihost 
dynamics that differ from spillover dynamics in that the 
disease is nontransient in H2, but the pathogen is sustained 
because of frequent between-species transmission from the 
disease-endemic host. Apparent multihost dynamics exist 
because the potentially high prevalence in the target host 
would give the appearance of a true multihost pathogen, 
but the lack of within- species transmission means the dis- 
ease cannot be maintained in the absence of H^. We recom- 
mend the term reservoir to describe in both cases 1 and 
2 , in which the pathogen is permanently maintained in 
and without between-species transmission (P12), the dis- 
ease would not persist in the target host. 

An example of an apparent multihost pathogen is rabies 
in side- striped jackals (H2) in Africa. Until a recent analy- 
sis ( 22 ), rabies was considered sustainable in the jackal 
population (H2), but detailed monitoring showed that 
rabies is not self-sustaining because of the density of the 
low susceptible jackal population (5*2), and epidemics are 
frequently seeded from the domestic dog reservoir (high 
Pi2)- 
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Figure 2. Community-epidemiology continuum, determined by the 
net between-/-/^ and -H 2 transmission rate (/, 2 ) and the net within- 
H 2 transmission rate (f 2 -^. EID, emerging infectious disease. 


Case 3: True Multihost Pathogen 

In this case, both the within- and between-species trans- 
mission rates are high. Thus, since the pathogen can inde- 
pendently persist in either host population in the absence 
of the other, following Hay don et al ( 13 ), both are consid- 
ered maintenance hosts. This case represents a true multi- 
host pathogen with substantial within- and between- 
species transmission. One example is brucellosis infec- 
tions around Yellowstone National Park, where the 
pathogen can be endemically maintained in cattle, bison, 
and elk populations ( 23 ). 

Case 4: Potential Emerging Infectious Disease 

In this case, the within-if2 transmission rate is high, but 
the between-species transmission rate is very low if 12 
0 ). Thus, the pathogen can persist in the target host {H2), 
but the net rate of between-species transmission is so low 
that H2 is rarely exposed to the disease. This case might 
occur when a disease is transmitted through close contact 
and thus has little chance of transmission between species. 
Similarly, the barrier to infection could be an ecologic fac- 
tor, such as geographic isolation, which may be overcome 
by an anthropogenic change such as the introduction of 
exotic or invasive species. Thus, this case represents a 
potential emerging infectious disease in which the 
pathogen will become self-sustaining in H2 once the initial 
barrier to infection has been crossed. This case may be the 
region of greatest future concern since a single transmis- 
sion event can have devastating consequences because of 
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the high rate of within- species transmission in the target 
host. 

Recent examples of potential emerging infectious dis- 
eases that were realized include the emergence of HIV-1 
and HIV-2 in human populations, in which the close-con- 
tact nature of the infection process prevented transmission 
of simian immunodeficiency virus (SIV) from primates to 
humans (6,24). Another example is severe acute respirato- 
ry syndrome-associated coronavirus in humans, in which 
the primary transmission event is believed to be the result 
of close human contact with civet cats in China. Once the 
infection was successful, it spread rapidly throughout the 
human population by direct contact (25). 

Factors Affecting Location of a 
Host-Pathogen Community 

The location of a host-pathogen system within the con- 
tinuum will be determined by characteristics of both host 
populations and the pathogen. For instance, the pathogen’s 
transmission mode will greatly determine its likelihood of 
encountering new hosts (26). Parasites transmitted by 
close contact may have limited exposure to multiple 
species and thus transmission modes that decouple host-to- 
host contact (i.e., waterborne or soilborne transmission) 
will increase the opportunity for between- species trans- 
mission. Evidence from wild primates and humans shows 
that pathogens with direct contact transmission are associ- 
ated with high host specificity (1,3). Therefore, host- 
pathogen systems should segregate along the f ^2 
according to their transmission mode. 

Furthermore, the evolutionary potential of a pathogen 
will affect its ability to infect a new host (2,27). Pathogens 
in taxa with high mutation rates, antigenic diversity, and 
short generation times may rapidly adapt to new hosts 
(28,29), and recent evidence suggests that RNA viruses are 
the most likely group to emerge in humans (26,30), possi- 
bly because of their high mutation rate (31). Thus, host- 
parasite systems may segregate along the /22 axis according 
to taxonomy. Similarly, the phylogenetic relationship 
between the reservoir and target host will have conse- 
quences for disease emergence; viruses are less likely to 
jump to new hosts as the phylogenetic distance between 
hosts increases (32). 

However, host-pathogen systems are not static, and a 
community may move across the continuum either 
because of ecologic or evolutionary shifts of the host or 
pathogen (27). In particular, anthropogenic changes, such 
as environmental exploitation and the introduction of 
domestic animals into previously uninhabited areas, may 
increase exposure to the pathogen and drive such transi- 
tions. For instance, although transmission of SIV from 
chimpanzees to humans may have occurred on a number of 
distinct occasions (6), these spillovers remained isolated. 


Only through various anthropogenic changes, including 
urbanization (increasing S 2 ) and increased global travel 
(increasing P 22 ) did the HIV pandemic take off in the 20th 
century. 

In addition, pathogen evolution may greatly affect the 
likelihood of disease emergence by increasing the 
pathogen’s basic reproductive ratio (Rq) (18,26). For exam- 
ple, avian influenza has emerged several times in human 
populations since 1997. Typically, limited human-to- 
human transmission exists (P 22 ~ 0), so that although the 
avian reservoir (/) and susceptible human populations (S 2 ) 
are high, outbreaks are rare and isolated (i.e., occupying 
region 1 of the continuum). Only through recombination 
between strains and acquisition of human- specific respira- 
tory epithelium receptors (thereby increasing P 22 ) could 
the virus evolve sufficient transmissibility to be sustained 
in the human population, which poses the greatest risk for 
pandemics (33). These genetic changes could shift avian 
flu from being a spillover to becoming a true multihost 
parasite, which would have serious implications for human 
health. 

Stochastic Dynamics and Consequences for 
Vuinerabie Host Popuiations 

Theoretical and empiric evidence suggest that 
pathogens harbored by reservoir host populations are of 
particular concern because they can drive target hosts to 
extinction (34). Therefore, we must investigate population 
dynamic properties of different regions of the continuum 
and regions that pose the greatest risk for a target host. In a 
deterministic model, the invasion and persistence thresh- 
olds are the same and are determined by the pathogen’s 
basic reproductive ratio (Rq); if initial infection 

can both become established and persist. As shown by 
Dobson (15), Rq for a pathogen in an asynnnetric host com- 
munity (with no back-transmission from the target host to 
the reservoir) is dominated by the largest within-species 
transmission term, which implies that infection dynamics in 
the 2 host populations are largely independent; once 
between- species transmission has occurred, infection in H 2 
is driven solely by within -//2 transmission. However, in the 
stochastic reality of the natural world, an established infec- 
tion may fade out, and reinfection from could occur in 
the future (19). Therefore, we developed a stochastic ana- 
log of the above deterministic model to explore dynamics 
of the community-epidemiology continuum. The model 
was a discrete-time Monte Carlo simulation model, in 
which each event in model 1 (births, deaths, between- and 
within-species transmission) occurred probabilistically, and 
the next event was chosen at random based on those prob- 
abilities. The model was run 100 times for different combi- 
nations of within- and between-species transmission rates, 
and the infection status of the target host (H 2 ) was measured 
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as the mean prevalence over time, the proportion of time 
the pathogen was absent from H2 (the proportion of time 
the pathogen faded out), and the proportion of runs in 
which the pathogen drove the host to extinction. This sto- 
chastic model is appropriate for exploring the dynamics of 
emerging infectious diseases not captured by continuous- 
time deterministic models, in particular when exposure of a 
target host to a pathogen from a reservoir is likely to occur 
at discrete intervals ( 27 ). 

As in the deterministic case, low between- and within- 
species transmission prevents the pathogen from persisting 
in the target host (prevalence ~ 0 , Figure 3 A; proportion of 
time pathogen was absent - 100 %, Figure 3 B). Increasing 
the exposure of H2 to the pathogen (i.e., increasing (3^2) 
leads to a gradual increase in both the prevalence of infec- 
tion and the proportion of time the pathogen is present in 
H2. This increase applies even if within-Ff2 transmission is 
negligible (P22 ^ 0 ). Therefore, regular, high exposure to 
the pathogen from the reservoir can give the appearance of 
endemic infection, even if the pathogen cannot be sus- 
tained within the population (case 2 : apparent multihost 
dynamics). Increasing the within-Ff2 transmission rate 
(P22) from very low levels has little impact on the preva- 
lence of infection or the proportion of time H2 is infected. 
Eventually, however, a point is reached at which increas- 
ing P22 suddenly allows the long-term persistence of the 
pathogen in H2. At this point, the persistence threshold is 
reached and the pathogen becomes endemic in H2, regard- 
less of input from This threshold can be approximated 
from the deterministic model by setting p^2 = 0 and solv- 
ing for Rq= I, which shows that P22 must be > ( J -H r)/K for 
the pathogen to persist in the absence of input from (the 
horizontal line in Figure 3 ). 


Increasing either between- or within- species transmis- 
sion rates (pj2 or P22) leads to a point when the host is driv- 
en to extinction (Figure 3 C), which highlights the danger 
of an emerging infectious disease; even if H2 is a poor 
transmitter of the disease (P22 ^ 0 ), repeated exposure 
from may be sufficient to drive the population to 
extinction. Analysis of the equivalent deterministic model 
(model 1 ) suggests that this threshold should be in the 
between- species transmission rate (P12) only (host extinc- 
tion is not affected by P22) and is given by P12 > dr!{d - r) 
for H2 extinction to occur (shown by the vertical line in 
Figure 3 ). Thus, even if the probability that H2 will con- 
tract the pathogen is very low (P12 ^ 0 )^ a single transmis- 
sion event may spark an epidemic that completely 
decimates the population (region 3 ). 

Implications for Disease Control 

The correct classification of the different regions of the 
community-epidemiology continuum are of more than just 
semantic importance; quantifying the between- and with- 
in-species transmission rates and the location of a host- 
pathogen system within the continuum are vital to 
determine the appropriate control strategy. Hay don et al. 
( 13 ) proposed 3 means of controlling infection in a target- 
reservoir system: 1 ) target control, which is aimed at con- 
trolling infection within the target population; 2 ) blocking 
tactics, to prevent transmission between the reservoir and 
target host population; and 3 ) reservoir control, which sup- 
presses infection within the reservoir. These 3 control 
strategies correspond to reducing the within- and between- 
species transmission rates (p22^ P12’ Pii’ respectively). 
The benefits of each approach will vary according to the 
relative contributions different transmission processes 
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Figure 3. Stochastic model predictions of system behavior in P 12 -P 22 parameter space. Each square represents the average of 100 sim- 
ulation runs. Two measures of pathogen persistence are shown: A) Mean prevalence of infection in H 2 , where black represents zero 
prevalence and white represents 100% prevalence, and B) Proportion of time in which the pathogen is absent (i.e., has faded out) from 
H 2 , where white represents zero fade-outs (i.e., the pathogen is always present in H 2 ) and black represents 100% fade-outs (i.e., the 
pathogen never infects H 2 ). C) Probability of pathogen-driven host extinction, where black represents the case in which all runs resulted 
in host extinction and white the case in which none of the runs resulted in host extinction. The horizontal dashed lines are the determin- 
istic approximation threshold. The points marked A and B in panel A and the associated arrows represent different control scenarios for 
2-host pathogen systems located at different points within the continuum (see text for details). 
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make to the overall prevalence in the new host Our 
stochastic model showed that high exposure to the 
pathogen from the reservoir host can give the appearance 
of endemic infection in the target host, even if it cannot 
sustain the pathogen alone. In this case, the optimal control 
strategy is completely different from that used against a 
true multihost pathogen endemic in the target host. For a 
host-pathogen system in region 2 of the continuum (appar- 
ent multihost dynamics), where between-species transmis- 
sion rates are high but within -//2 transmission rates are low 
(point A in Figure 3A), the prevalence of infection in H 2 
may be very high, but mounting a target control program 
aimed at reducing within-i /2 transmission is unlikely to be 
effective (the vertical arrow from point A in Figure 3A). 
However, blocking control, which would reduce transmis- 
sion from the reservoir to the target host, may drastically 
reduce prevalence (the horizontal arrow from point A in 
Figure 3A). Conversely, similar levels of prevalence in H 2 
may be observed for a host-pathogen system located in 
region 4 of the continuum (point B in Figure 3A) but 
because of fundamentally different processes. In this case, 
blocking tactics aimed at preventing transmission from the 
reservoir to the target host will be ineffectual (horizontal 
arrow from point B in Figure 3 A), but target control may 
prove highly effective (vertical arrow from point B in 
Figure 3A). Therefore, establishing the initial location of a 
novel host-pathogen system within the community-epi- 
demiology continuum and understanding the within- and 
between-species transmission rates are essential for opti- 
mizing vaccination and culling strategies to lessen the 
impact of disease. 

Conclusions 

This report provides a conceptual framework to under- 
stand the ecologic characteristics of disease emergence 
based on between- and within-species transmission rates 
involving a potential disease reservoir population and a tar- 
get host population. Using this framework, we outlined 4 
possible cases of long-term disease dynamics in the target 
host and showed that these outcomes occupy different 
regions of a 2-dimensional continuum described by the net 
between- and within-species transmission rates. Further- 
more, the development of the connnunity-epidemiology 
framework allows us to clarify the wealth of terminology 
currently used to describe disease occurrence in host com- 
munities, based on an understanding of the underlying eco- 
logic and epidemiologic processes. In particular, the 
much-overused terms reservoir and spillover can be seen to 
have explicit definitions, depending on whether the 
pathogen can be sustained within the target host population. 

By explicitly considering how the ecologic and evolu- 
tionary characteristics of hosts and pathogens combine to 
affect the between- and within-species transmission rates. 


and the subsequent consequences for disease occurrence in 
a novel host, this framework highlights that current human 
diseases, domestic and wild animal diseases, and the 
threats of emerging infectious diseases can be understood 
by a quantitative framework of the underlying transmis- 
sion processes. Given that most parasites can infect multi- 
ple host species and the recent surge of emerging 
infectious diseases in wildlife and human populations, 
understanding the dynamics of disease persistence in novel 
hosts has never been more important. 
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Bushmeat Hunting, 
Deforestation, and Prediction 
of Zoonotic Disease Emergence 
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Understanding the emergence of new zoonotic agents 
requires knowledge of pathogen biodiversity in wildlife, 
human-wildlife interactions, anthropogenic pressures on 
wildlife populations, and changes in society and human 
behavior. We discuss an interdisciplinary approach com- 
bining virology, wildlife biology, disease ecology, and 
anthropology that enables better understanding of how 
deforestation and associated hunting leads to the emer- 
gence of novel zoonotic pathogens. 

A pproximately three fourths of human emerging infec- 
tious diseases are caused by zoonotic pathogens (1). 
These include agents responsible for global mortality (e.g., 
HIV-1 and -2, influenza virus) and others that cause limit- 
ed deaths but result in high case-fatality rates and for 
which no effective therapies or vaccines exist (e.g., Ebola 
virus, hantaviruses, Nipah virus, severe acute respiratory 
syndrome [SARS] -associated coronavirus) (2). Despite the 
growing threat of zoonotic emerging infectious diseases, 
our understanding of the process of disease emergence 
remains poor. Public health measures for such diseases 
often depend on vaccine and drug development to combat 
diseases once pathogens have emerged. Indeed, many 
believe that predicting emergence of new zoonoses is an 
unattainable goal (3). Despite this, a growing trend in 
emerging disease research attempts to empirically analyze 
the process of emergence and move towards predictive 
capacity for new zoonoses. These studies track broad 
trends in the emergence of infectious diseases, analyze the 
risk factors for their emergence, or examine the environ- 
mental changes that drive them (4-6). 

Many new zoonoses are viruses that emerge as human 
and domestic animal populations come into increasing con- 


*Johns Hopkins Bloomberg School of Public Health, Baltimore, 
Maryland, USA; and fConsortium for Conservation Medicine, New 
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tact with wildlife hosts of potentially zoonotic pathogens 
(1). The risk for emergence of new zoonotic agents from 
wildlife depends largely on 3 factors: 1) the diversity of 
wildlife microbes in a region (the “zoonotic pool” [5]); 2) 
the effects of environmental change on the prevalence of 
pathogens in wild populations; and 3) the frequency of 
human and domestic animal contact with wildlife reservoirs 
of potential zoonoses. The first factor is largely the domain 
of virologists, particularly those analyzing evolutionary 
trends in emerging viruses (7). The last 2 factors are stud- 
ied by wildlife veterinarians, disease ecologists, wildlife 
population biologists, anthropologists, economists, and 
geographers (4,8). Understanding the process of emergence 
requires analyzing the dynamics of microbes within 
wildlife reservoir populations, the population biology of 
these reservoirs, and recent changes in human demography 
and behavior (e.g., hunting, livestock production) against a 
background of environmental changes such as deforesta- 
tion and agricultural encroachment. To fully examine 
zoonotic emergence, a multidisciplinary approach is need- 
ed that combines all of these disciplines and measures the 
background biodiversity of wildlife microbes. We use hunt- 
ing and deforestation in Cameroon as an example to discuss 
the complex interactions between human behavior, demog- 
raphy, deforestation, and viral dynamics that underpin the 
emergence of diseases. 

Logging, Hunting, and Viral Traffic 

Hunting of wildlife by humans is an ancient practice 
that carries a substantial risk for cross-species transmis- 
sion. Despite the discovery of cooking -1.9 million years 
ago (9), the risk of zoonotic diseases emerging from hunt- 
ing and eating wildlife is still of global importance because 
of increases in human population density, globalized trade, 
and consequent increased contact between humans and 
animals. 
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Deforestation of tropical forests is 1 cause of increasing 
contact between wildlife and hunters. However, the 
mechanics of disease emergence are complex. For exam- 
ple, clear-cut logging may be less likely to result in zoonot- 
ic emergence than selective extraction because of the 
relatively low contact rate between people and wildlife 
during clear-cutting. Because of the high costs of extrac- 
tion and transportation, logging in central Africa generally 
involves selective extraction of high-value timber species. 
Selective extraction is also more likely to sustain natural 
diversity of wildlife than clear-cutting (10) and therefore to 
sustain the diversity of potentially zoonotic pathogens 
available to hunters. Selective logging generally involves 
constructing roads and transporting workers into relatively 
pristine forest regions. Although roads can bring health 
care to rural connnunities, they also provide increased con- 
tact between low-density, remote human populations and 
urban populations with access to international travel, 
which allows localized emergence events the potential for 
rapid global spread (11,12). 

Building logging roads also leads to habitat fragmenta- 
tion as forest edges along roads are degraded, which low- 
ers the movement of wildlife between forest patches. This 
process may have 3 counteractive effects. First, as patch 
size decreases, smaller, more discrete, less dense popula- 
tions of reservoirs result, some of which may be lowered 
below the threshold density of some potentially zoonotic 
microbes (13). In these cases, mathematical models of 
infectious diseases predict that the microbes will become 
extinct, lowering the risk for transmission to humans. 
Second, in some cases, the loss of vertebrate reservoir host 
species richness may result in increased abundance of 
highly competent reservoirs of some zoonotic agents, 
increasing the risk for transmission to humans. Although 
this phenomenon has only been demonstrated for 1 
pathogen, Borrelia burgdorferi, the causative agent of 
Lyme disease (14), it may be more widespread. In this 
case, fragmentation increases the relative abundance of the 
highly competent reservoir, the white-footed mouse 
{Peromyscus leucopus) and results in a higher risk for 
infection to humans (14). Third, fragmentation due to road 
building may increase the functional interface between 
human populations and reservoir hosts. Historically, hunt- 
ing activities radiated in a circular fashion from isolated 
villages, with decreasing impact at the periphery of the 
hunting range. Roads provide an increased number of 
points at which hunting activities can commence. Road- 
side transport means that hunters can lay traps and hunt at 
the same distance from roads. This changes the pattern of 
human contact from a circular pattern to a banded pattern 
surrounding developed roads, increasing the area in which 
hunting can be conducted with economic returns. 


Anthropology of Bushmeat Hunting, Trade, and 
Consumption 

Different activities associated with bushmeat trade will 
involve different levels of risk for microbial emergence. 
Hunting (tracking, capturing, handling, sometimes basic 
field butchering, and transporting of the carcass) involves 
contact with potentially infected vectors, whereas distant 
consumption may not. Particularly high risks may be asso- 
ciated with hunting nonhuman primates, and even greater 
risks in hunting species such as chimpanzee, which are 
phylogenetically closest to humans. Butchering (opening, 
cutting, dressing, and preparing the carcass) is obviously 
more high risk for bloodborne pathogens than the trans- 
portation, sale, purchase, and eating of the butchered meat. 

Research in medical anthropology has begun to exam- 
ine indigenous theories of infectious disease (15) and the 
cultural contexts within which diseases emerge (16), but 
little data exist on local perceptions of health or other risks 
associated with hunting and eating bushmeat. Humans as 
well as other animals employ behavioral adaptations to 
avoid exposure to infections, yet the type of protective 
strategies that hunters might use and the effectiveness of 
such strategies remain unknown. For this reason, anthro- 
pologic studies of bushmeat should include not only the 
details of hunting, but also the transportation of meat to the 
village, the market, the kitchen, and onto the table. These 
practices are often articulated along lines of gender and 
ethnicity and within cultural contexts. 

The demand for bushmeat in West and central Africa is 
as much as 4 times greater than that in the Amazon Basin 
(10). Estimates of the extraction rate in the Congo Basin 
suggest that >282.3 g of bushmeat per person per day may 
be eaten there, with a total of 4.5 million tons of bushmeat 
extracted annually (17). Expanded demand for bushmeat 
will likely lead to changes in the exposure of humans to 
potentially zoonotic microbes. Therefore, assessing the 
risk that bushmeat extraction and consumption poses to 
public health will include an assessment of the economy 
and geography of bushmeat demand and supply. 

Case Study: Bushmeat Hunting in Cameroon 

A collaboration between Johns Hopkins University and 
the Cameroon Ministry of Health and Ministry of Defense 
is exploring emergence of infectious diseases in Cameroon 
(Figure). The ecologic diversity in Cameroon and the 
range of new and changing land-use patterns make it an 
ideal setting to examine the impact of environmental 
changes on novel disease transmission. Deforestation rates 
in Cameroon are high, with a loss of 800-1,000 km^ forest 
cover per year and corresponding increase in road-building 
and expansion of settlements (18). Finally, Cameroon is 
representative of the region from which a range of notable 
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Figure. Location of the International Institute of Tropical Agriculture 
Humid Forest Benchmark Region, Cameroon, ha, hectares. 


emerging infectious diseases, including HIV/AIDS, Ebola 
and Marburg viruses, and monkeypox, have emerged 
(Table). 

A key factor driving the bushmeat trade in Cameroon 
is the large and growing urban demand for bushmeat in 
conjunction with the opening up of logging concessions in 
the East Province. The construction of the World 
Bank-funded Yaounde-Douala truck road in the mid- 
1980s and the European Union-funded extension of this 
road to the border of the timber-rich East Province in 1992 
dramatically reduced the cost of extracting timber and 
increased access to these areas for bushmeat hunters. One 
of the most important non-timber forest product activities 
within this region is the poaching of bushmeat by market 
hunters. The bushmeat market among households for 
sauce preparation in Yaounde alone is estimated at 
~$4 million annually (International Institute of Tropical 
Agriculture [IITA], unpub. data). A recently conducted 
consumption study showed that bushmeat plays an impor- 
tant dietary role among poor households and is not a 


luxury product eaten mainly by the rich. Across income 
classes, the poorest 2 quantiles spent 16% and 17%, 
respectively, of their meat budgets on bushmeat versus 
7% for the richest quantile and 9% overall (IITA, unpub. 
data). Einally, our work in Cameroon has shown that not 
only bushmeat hunters but also persons who keep various 
species of vertebrate pets or butcher and handle meat are 
at risk for zoonotic transmission due to bites, cuts, and 
other exposures to fluids or tissue (27). 

Viral Chatter and Globalized Emergence 

The global emergence of a zoonotic pathogen such as 
SARS or HIV-1 and -2 requires 3 steps. Eirst, the pathogen 
must be successfully transmitted between a wild reservoir 
and humans or their domestic animals. Several recently 
emerging zoonoses have achieved this stage without fur- 
ther transmission, e.g., Hendra virus. Second, the pathogen 
must be directly transmitted between humans. Einally, the 
pathogen must move from a local epidemic into the global 
population. Understanding and predicting the global emer- 
gence of pathogens require knowledge of the drivers of 
each of these steps or processes. These are, in fact, stages 
of emergence that have been described previously as inva- 
sion, establishment, and persistence of infectious diseases 
introduced into new host populations (8). 

Evidence suggests that many pathogens are transmitted 
between their animal reservoirs and humans but fail to be 
transmitted from human to human or do so at rates that do 
not allow pathogen establishment within the human popu- 
lation. Eor example, sequence data from HIV-1 and HIV-2 
suggest that as many as 10 prior transmission events into 
human populations occurred over the last century before 
this virus emerged globally (23). Recent data from our own 
field sites suggest that simian foamy viruses infect bush- 
meat hunters regularly, so far without evidence of human- 
to-human transmission (26). Other pathogens, such as 
avian influenza and Hendra viruses, which do not appear 
to be transmitted through bushmeat consumption, have 
also led to several small epidemics with little or no evi- 
dence of human-to-human transmission. We have termed 
this “viral chatter”, a seemingly common phenomenon of 
repeated transmission of nonhuman viruses to humans, 
most of which results in no human-to-human transmission 
(28). We hypothesize that this mechanism is common in 
viral emergence. High rates of viral chatter will increase 
the diversity of viruses and sequence variants moving into 
humans, increase the probability of transmission of a 
pathogen that can successfully replicate, and ultimately 
increase the ability of a human-adapted virus to emerge in 
a more widespread manner. In some cases this process may 
result in the evolution of a new viral strain (29) and may 
be a very common mechanism for viral emergence into the 
human population (23,28). 
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Table. Some zoonotic pathogens that have emerged in the Cameroon-Congo Basin region, 1970-2005* 


Confirmed or probable transmission routes 


Pathogen or 

Reservoir 

Outcome of 


Body 

Bites/ 

Organs/ 

Feces/ 

Vectors 


disease 

species 

transmission 

Risk behavior 

fluids 

saliva 

tissues 

urine 

(indirect) 

Ref. 

Arboviruses 

Various 

Localized outbreaks 

Human presence in 





X 

(5,19, 

(dengue, yellow 



region for habitation. 






20) 

fever) 



work or leisure 







Ebola 

Unknown 

Localized epidemics. 

Hunting or wildlife 

X 

X 

X 

X 


(21) 



short timescale 

necropsy 







Monkeypox 

Squirrels 

Localized epidemics 


X 

X 




(22) 


and others 

(at least four 
transmission cycles 










recorded) 








HIV-1 and -2 

Chimpanzee, 

Repeated single 

Hunting & butchering 

X 

X 

X 



(23) 


sooty 

infections or localized 

nonhuman primates 








mangabe 

outbreaks, followed 










by national then 
global emergence 








Anthrax 

Ungulates 

Single infections or 

Butchering or eating 

X 

X 

X 






localized epidemics 

carcasses 







Salmonellosis 

Range of 
nonhuman 

Single infections 

Keeping pets 




X 


(24) 


primates 









Herpes B virus 

Range of 

Single infections 

Keeping pets 

X 

X 

X 



(25) 

(did not emerge 

non-human 









locally) 

Cutaneous 

primates 

Localized outbreaks 

Logging/road- 


X 


X 

X 


leishmaniasis, 



building, ecotourism. 







Loa loa 



research 







Simian foamy 

Gorilla, 

Exposure without 

Hunting nonhuman 

X 

X 

X 

X 


(26) 

viruses 

mandarin. 

replication, or 

primates 








De Brazza’s 

replication in a single 









guenon. 

human 









other 

unknown 

spp. 

Chromomycosis Wood collection X X X 

*Note that herpes B virus did not infect humans locally in the Cameroon-Congo basin. 


Monkeypox and Nipah viruses are examples of the sec- 
ond stage towards global emergence. These viruses have 
shown limited human-to-human transmission in a number 
of relatively small epidemics before fading out (22,30). 
This phenomenon can be understood by using what math- 
ematical modelers of disease dynamics refer to as the 
reproductive ratio (Rq), which measures a pathogen’s abil- 
ity to cause an outbreak. Rq is the number of secondary 
cases in a population caused by a single case, assuming 
that all other members are susceptible (8). When Rq is >1, 
the pathogen will amplify within a population and cause an 
outbreak. In the environmental conditions in which mon- 
keypox and Nipah viruses emerged, Rq was <1, and ulti- 
mately the epidemics faded out (22). 

One of the crucial questions in disease emergence is: 
What environmental or evolutionary changes cause the Rq 
of wildlife viruses to rise above 1 in human populations? 
In mathematical models for density-dependent transmis- 
sion, Rq is proportional to host density, so that there is a 
critical threshold of human population density (known as 
the threshold density, Nj), below which a pathogen will 


fade to extinction. Increasing densities of human popula- 
tions in urban centers close to bushmeat hunting areas and 
the increasing rates of movement of people between vil- 
lage, town, and city, will increase Rq and the risk for new 
epidemic zoonoses. Alternatively, changes to human 
behavior that increase the transmission of viruses between 
people (e.g., sexual contact, injected drug use, or fluid con- 
tact by means of medical procedures) will increase Rq and 
may also assist in driving their emergence. 

In the final stage of emergence, increased travel or 
migration facilitate the global spread of new zoonoses. For 
example, increased movements between villages or cities 
and higher between-person contact rates through increased 
numbers of sexual partners appear to have facilitated the 
early emergence of HIV/AIDS in Africa (12). This disease 
became a global pandemic following the expansion of road 
networks, changes in workforce demography, and increas- 
es in international air travel to central Africa and globally 
(12,23). 

Our review suggests that predicting the emergence of 
new zoonoses will be a difficult but important task for 
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future medical research. This goal has been described as 
challenging or impossible by some researchers (3). 
However, we propose that it is now becoming possible to 
conduct the science of predicting emerging zoonoses and 
that far more attention should be paid to this approach than 
is currently given (31). We have previously proposed 3 cri- 
teria that can be used to predict which microbes are most 
likely to emerge (6). These include microbes that have a 
proven ability to 1) lead to human pandemics, 2) lead to 
panzootics in (nonhuman) animal populations, and 3) 
mutate at high rates and recombine with other similar or 
dissimilar microbes. The high mutation rates of RNA 
viruses and their predominance within zoonotic emerging 
infectious diseases that are transmitted from human to 
human suggest that this group is a key candidate for future 
emergence (7). Simian foamy viruses are members of this 
group, and the high rates of viral chatter observed in 
Cameroon suggest a strong potential for their emergence 
as a human-to-human transmitted pathogen. 

Little is known about the complexity of this process, 
but with ~75% of human emerging infectious diseases 
classified as zoonoses (1), understanding the process is 
critical to global health. We propose that more attention be 
given to multidisciplinary studies at all stages of the 
process. For example, understanding how the rates of viral 
chatter respond to anthropogenic land-use changes (e.g., 
deforestation, mining) that affect the density of wildlife 
species and the prevalence of viruses that affect them will 
be critical for predicting hotspots of disease emergence. 
Second, understanding which viruses are likely to rapidly 
evolve in humans, rather than become dead-end hosts, will 
involve a combination of host immunologic and viral evo- 
lutionary traits (7,32). Studies of the characteristics of the 
zoonotic pool (i.e., the biodiversity of yet-to-emerge 
wildlife viruses [5]) may explain these events. Some 
strains within viral quasispecies may be able to infect and 
be transmitted between humans far more readily than oth- 
ers. Such complexity requires the collaboration of medical 
scientists with many other disciplines, including geogra- 
phy, ecologic and evolutionary biology, conservation biol- 
ogy, medical anthropology, and veterinary medicine. 

Recent advances in a number of fields include some of 
direct relevance to predicting unknown zoonoses, among 
them modeling multihost disease dynamics in wildlife and 
humans (33), modeling the evolutionary dynamics of 
pathogens (34), insights into the phylogenetic characteris- 
tics of emerging pathogens (7,32), greater understanding 
of the environmental changes that drive emergence (4), 
risk assessments for pathogen transmission (35,36) and 
introduction (37), and major advances in the technology 
for microbial discovery (e.g., microarrays) and characteri- 
zation (e.g., noninvasive sequencing) (38). A number of 
collaborative initiatives between veterinary medicine. 


human medicine, and ecology have already begun (39,40), 
and our analysis suggests these should be strengthened by 
even wider collaboration. The fusion of these diverse, rap- 
idly evolving fields will allow the first steps to be taken 
towards emerging disease research’s ultimate challenge of 
predicting new zoonotic disease emergence. 
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Human Granulocytic Anaplasmosis 
and Anaplasma phagocytophilum 

J. Stephen Dumler,* Kyoung-Seong Choi,* Jose Carlos Garcia-Garcia,* Nicole S. Barat,* 
Diana G. Scorpio,* Justin W. Garyu,* Dennis J. Grab,* and Johan S. Bakkentt 


Human granulocytic anaplasmosis is a tickborne rick- 
ettsial infection of neutrophils caused by Anaplasma 
phagocytophilum. The human disease was first identified in 
1990, although the pathogen was defined as a veterinary 
agent in 1932. Since 1990, US cases have markedly 
increased, and infections are now recognized in Europe. A 
high international seroprevalence suggests infection is 
widespread but unrecognized. The niche for A. phagocy- 
tophilum, the neutrophil, indicates that the pathogen has 
unique adaptations and pathogenetic mechanisms. 
Intensive study has demonstrated interactions with host- 
cell signal transduction and possibly eukaryotic transcrip- 
tion. This interaction leads to permutations of neutrophil 
function and could permit immunopathologic changes, 
severe disease, and opportunistic infections. More study is 
needed to define the immunology and pathogenetic mech- 
anisms and to understand why severe disease develops in 
some persons and why some animals become long-term 
permissive reservoir hosts. 

H uman granulocytic anaplasmosis (HGA) was first 
identified in 1990 in a Wisconsin patient who died 
with a severe febrile illness 2 weeks after a tick bite (1). 
During the terminal phases of the infection, clusters of 
small bacteria were noted within neutrophils in the periph- 
eral blood (Figure 1), assumed to be phagocytosed gram- 
positive cocci. A careful review of the blood smear 
suggested the possibility of human ehrlichiosis, an emerg- 
ing infection with similar bacterial clusters in peripheral 
blood monocytes among infected patients in the southeast 
and south-central United States. All blood cultures were 
unrevealing, and specific serologic and immunohisto- 


*Johns Hopkins University School of Medicine, Baltimore, 
Maryland, USA; fUniversity of Minnesota at Duluth, Duluth, 
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chemical tests for Ehrlichia chajfeensis, the causative 
agent of human monocytic ehrlichiosis (HME) were nega- 
tive. Over the ensuing 2 years, 13 cases with similar intra- 
neutrophilic inclusions were identified in the same region 
of northwestern Wisconsin and eastern Minnesota (2). 
Aside from the bacterial clusters, common features among 
these persons included fever, headache, myalgia, malaise, 
absence of skin rash, leukopenia, thrombocytopenia, and 
mild injury to the liver. 

In 1994, through application of broad range molecular 
amplification and DNA sequencing, the causative agent 
was recognized as distinct from E. chajfeensis. The agent 
was initially named HGE agent (1,2), although morpholog- 
ic and serologic studies indicated a close or identical rela- 
tionship to the veterinary pathogens of neutrophils, E. equi 
and E. (Cytoecetes) phagocytophila. During the process of 
classification of the human agent, phylogenetic studies 
showed taxonomic disarray among organisms broadly 
referred to as ehrlichiae, and a careful reorganization now 
places those bacteria previously classified as E. phagocy- 
tophila, E. equi, and the HGE agent into a different genus 
as a single species, A. phagocytophilum (Figure 2) (1,3). 
The fallout from the reclassification of these organisms is 
the proposal for a complete revision of the families 
Rickettsiaceae and Anaplasmataceae. Under the proposed 
revision, the tribe structure of the Rickettsiaceae would be 
abolished, and species in the Ehrlichieae tribe would be 
assigned to the family Anaplasmataceae, with several 
placed into the genera Ehrlichia (Cowdria ruminantium), 
Anaplasma {E. equi, E. phagocytophila, HGE agent, E. 
platys, E. bovis), and Neorickettsia (E. sennetsu and E. ris- 
ticii). The genera Ehrlichia and Anaplasma possess all 
pathogens in the family that are transmissible by ticks and 
that generally infect peripheral blood cellular elements, 
including leukocytes, platelets, and erythrocytes. 
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Figure 1. Anaplasma phagocytophilum in human peripheral blood 
band neutrophil (A. Wright stain, original magnification x1,000), in 
THP-1 myelomonocytic cell culture (B, LeukoStat stain, original 
magnification, x400), in neutrophils infiltrating human spleen (C, 
immunohistochemistry with hematoxylin counterstain; original 
magnification x100), and ultrastructure by transmission electron 
microscopy in HL-60 cell culture (D; courtesy of V. Popov; original 
magnification x21,960). 


HGA is increasingly recognized as an important and 
frequent cause of fever after tick bite in the Upper 
Midwest, New England, parts of the mid- Atlantic states, 
northern California, and many parts of Europe, all areas 
where Ixodes ticks bite humans (4-6). The ecology of A. 
phagocytophilum is increasingly understood. The bacteri- 
um is maintained in a transmission cycle with Ixodes per- 
sulcatus complex ticks, including I. scapularis in the 
eastern United States, I. pacificus in the western United 
States, /. ricinus in Europe, and probably /. persulcatus in 
parts of Asia. Tick infection is established after an infec- 
tious blood meal, and the bacterium is transstadially but 
not transovarially passed (3). The major mammalian reser- 
voir for A. phagocytophilum in the eastern United States is 
the white-footed mouse, Peromyscus leucopus, although 
other small mammals and white-tailed deer (Odocoileus 
virginianus) can also be infected. White-footed mice have 
transient (1-4 weeks) bacteremia; deer are persistently and 
subclinically infected. Human infection occurs when 
humans impinge on tick-small mammal habitats (4-7). 

HGA is clinically variable, but most patients have a 
moderately severe febrile illness with headache, myalgia, 
and malaise. Among 10 clinical studies that describe the 
findings in HGA across North America and Europe and 


that comprise up to 685 patients (Table), the most frequent 
manifestations are malaise (94%), fever (92%), myalgia 
(77%), and headache (75%); a minority have arthralgia or 
involvement of the gastrointestinal tract (nausea, vomiting, 
diarrhea), respiratory tract (cough, pulmonary infiltrates, 
acute respiratory distress syndrome [ARDS]), liver, or cen- 
tral nervous system (4-7). Rash is observed in 6%, 
although no specific rash has been associated with HGA 
and co-infection with Borrelia burgdorferi, which can 
cause simultaneous erythema migrans, is not infrequent. 
Erequent laboratory abnormalities identified in up to 329 
patients include thrombocytopenia (71%), leukopenia 
(49%), anemia (37%), and elevated hepatic transaminase 
levels (71%). 

Recent seroepidemiologic data suggest that many 
infections go unrecognized, and in endemic areas as much 
as 15% to 36% of the population has been infected (16,17). 
In Wisconsin, the yearly incidence of HGA from 1990 to 
1995 was as high as 58 cases/100,000 in 1 county (Lyme 
disease incidence in the same region was 110 
cases/ 100,000) (5). The overall yearly Connecticut inci- 
dence rate from 1997 to 1999 was 24 to 51 cases/100,000 
population (18). Symptomatic infection in Europe appears 
to be rare; 66 cases have been reported, despite a median 
seropre valence rate of 6.2% among 35 published reports, 
with rates as high as 21% in some European studies. 
Similarly, the median infection prevalence in European /. 
ricinus ticks is 3% (45 publications), a figure close to that 
observed among North American I. scapularis and I. paci- 
ficus ticks (median 4.7% among 42 publications). 

What is unclear from these data is whether the discrep- 
ancy between the seroprevalence and symptomatic rate 
results from underdiagnosis of infection, asymptomatic 
serologic reactions, or even infections that produce cross- 
reactive serologic responses. In any case, symptomatic 
infection can occur often in tick-endemic regions and 
varies in severity from mild, self-limited fever to death. 
Severity sufficient for hospitalization is observed in half of 
symptomatic patients and is associated with older age, 
higher neutrophil counts, lower lymphocyte counts, ane- 
mia, the presence of morulae in leukocytes, or underlying 
immune suppression (5). Approximately 5%-7% of 
patients require intensive care, and at least 7 deaths have 
been identified (2,4,5,7,19), in which delayed diagnosis 
and treatment were risk factors. Severe complications 
include a septic or toxic shock-like syndrome, coagulopa- 
thy, atypical pneumonitis/acute respiratory distress syn- 
drome (ARDS), acute abdominal syndrome, rhabdomyo- 
lysis, myocarditis, acute renal failure, hemorrhage, 
brachial plexopathy, demyelinating polyneuropathy, cra- 
nial nerve palsies, and opportunistic infections. At least 3 
of the deaths resulted from opportunistic fungal or viral 
infections or hemorrhage that occurred immediately after 
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Rickettsim typhi Rickettsim rickettsU 



Figure 2. Current phylogeny and taxonomic classification of gen- 
era in the family Anap/asmataceae. The distance bar represents 
substitutions per 1 ,000 basepairs. E. coli, Escerichia coli. 


HGA. In 2 cases, the patients had reasons for preexisting 
immunocompromise, which suggests that an intact 
immune system is important for recovery and that HGA 
further antagonizes immune dysfunction (2,4, 5, 7). Unlike 
results of animal observations (20), no evidence has shown 
A. phagocytophilum persistence in humans. 

Pathology of A. phagocytophilum 
Infections in Humans 

Few histopathologic studies of HGA have been con- 
ducted. Of 7 patients with fatal cases, 3 died from oppor- 
tunistic infections (2,4, 5, 7), including exsanguination 


after ulcerative Candida esophagitis, ulcerative herpes 
simplex virus esophagitis with cryptococcal pneumonia, 
and invasive pulmonary aspergillosis. In 2 other deaths, 
the patients experienced myocarditis (likely viral) or gen- 
eralized lymphadenopathy and mononuclear phagocyte 
system activation. 

The pathologic changes in humans include perivascular 
lymphohistiocytic inflammatory infiltrates in multiple 
organs, hepatitis with infrequent apoptoses, normocellular 
bone marrow, mild lymphoid depletion, mononuclear 
phagocyte hyperplasia in spleen and lymph nodes, and, 
rarely, splenic necrosis. Hemophagocytosis is observed in 
bone marrow, liver, and spleen. Vasculitis has not been 
observed (4). By immunohistochemical tests, A. phagocy- 
tophilum is rarely identified; organisms were abundant in 
only 1 patient who died, rare in 2 patients, and not identi- 
fied in 2 patients (2,4,5,19). Infected neutrophils are not 
generally associated with pathologic lesions, which sug- 
gests alternative mechanisms that do not involve direct 
bacteria-mediated injury. 

Opportunistic infections and inflannnatory changes in 
humans are not unexpected because similar findings occur 
in animals (19,21). In fact, tickborne fever (ruminant gran- 
ulocytic anaplasmosis) induces diminished CD4 and CDS 
peripheral blood counts, impaired mitogenic responses, 
impaired antibody responses, impaired neutrophil emigra- 
tion, and defective phagocytosis and intracellular killing. 
Such in vitro findings are supported by clinical observa- 
tions, which document that bacterial, fungal, and viral 
infections are frequent and generally worse in animals with 
tickborne fever (20). Disseminated staphylococcal infec- 


Table. Metaanalysis of clinical manifestations and laboratory abnormalities in patients with human granulocytic anaplasmosis* 




All 


North America 

Europe 


Characteristics 

Median %| 

Mean % 

nf 

Mean % 

n 

Mean % 

n 

Symptom or sign 

Fever 

100 

92 

480 

92 

448 

98 

66 

Myalgia 

74 

77 

514 

79 

448 

65 

66 

Headache 

89 

75 

378 

73 

289 

89 

66 

Malaise 

93 

94 

90 

96 

271 

47 

15 

Nausea 

44 

38 

256 

36 

207 

47 

49 

Vomiting 

20 

26 

90 

34 

41 

19 

49 

Diarrhea 

13 

16 

90 

22 

41 

10 

49 

Cough 

13 

19 

260 

22 

207 

10 

49 

Arthralgias 

58 

46 

497 

47 

448 

37 

49 

Rash 

3 

6 

685 

6 

289 

4 

53 

Stiff neck 

11 

18 

22 

22 

18 

0 

4 

Confusion 

9 

17 

211 

17 

207 

0 

4 

Laboratory abnormality 

Leukopenia 

38 

49 

329 

50 

282 

47 

47 

Thrombocytopenia 

71 

71 

329 

72 

282 

64 

47 

Elevated serum AST orALT§ 

74 

71 

170 

79 

123 

51 

47 

Elevated serum creatinine 

15 

43 

72 

49 

59 

0 

13 


*Data from references 5, 6, 8-15. 

fMedian percentage of patients with feature among all reports. 
JNumber of patients with data available for metaanalysis. 

§AST, aspartate aminotransferase; ALT, alanine aminotransferase. 
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tions that occur with tickborne fever kill ~2% of field- 
raised sheep in the United Kingdom (20); louping ill, a 
tickborne viral encephalitis of goats is self-limited unless it 
occurs in conjunction with tickborne fever, when it is often 
fatal (20); bacterial and fungal secondary infections are 
more frequent in A. phagocytophilum-mftcitd horses 
(21). A likely interpretation is that A. phagocytophilum is 
associated with perturbations in host inflammatory and 
immune system function. Impaired early inflammatory 
responses that might be induced by A. phagocytophilum 
could contribute to the pathogenesis of HGA, and early 
initiation of proinflammatory and immune responses 
depend on functionally competent neutrophils and 
mononuclear phagocytes. 

Pathogenesis of A. phagocytophilum Infections 

Anaplasma species are small (0.2-1. 0 [im in diameter) 
obligate intracellular bacteria with a gram-negative cell 
wall (4), but lack lipopoly saccharide biosynthetic machin- 
ery (22). The bacteria reside in an early endosome, where 
they obtain nutrients for binary fission and grow into a 
cluster called a morula (Figure 1). Recent genomic studies 
demonstrated a type IV secretion apparatus, which could 
facilitate transfer of molecules between the bacterium and 
the host (23,24). A. phagocytophilum prefers to grow in 
myeloid or granulocytic cells and has been propagated in 
human HL-60 and KG-1 promyelocytic leukemia cells, 
THP-1 myelomonocytic cells, endothelial cell cultures, 
and tick cell cultures (3). HL-60 cells induced to differen- 
tiate into neutrophil-like cells cease to divide but enhance 
A. phagocytophilum growth. When differentiated into 
monocytic cells, HL-60 cells no longer support A. phago- 
cytophilum growth. 

A. phagocytophilum binds to fucosylated and sialylated 
scaffold proteins on neutrophil and granulocyte surfaces 
(25). The most studied ligand is PSGL-1 (CD162) to 
which the bacterium adheres at least in part through 44- 
kDa major surface protein-2 (Msp2) (26). Msp2 is proba- 
bly part of an “adhesin complex” involving Msp2 
oligomers with other membrane proteins. After internaliza- 
tion of bacteria, the endosome ceases to mature and does 
not accumulate markers of late endosomes or phagolyso- 
somes (27). As a result, the vacuole does not become acid- 
ified or fuse to lysosomes. A. phagocytophilum divides 
until cell lysis or bacteria are discharged to infect other 
cells. 

The range of described A. phagocytophilum proteins is 
limited, although the genome sequence should assist in 
defining bacterial structure and function. The most abun- 
dant protein in A. phagocytophilum is Msp2, encoded by a 
multigene family of at least 22 paralogs in the Webster 
strain genome and 52 or more paralogs in the HZ strain 
genome (28). Antigenic diversity among A. phagocy- 


tophilum strains from different regions is increased by 
msp2 gene conversion. Diversity is assumed to be driven 
by immune selection and may play an important role in 
persistence among reservoir hosts, but restricted msp2 
transcription and Msp2 expression over many passages 
and in tick cells suggest selection by fitness for new nich- 
es, a finding underscored by Msp2’s role as an adhesin 
(26,28). 

Aside from msp2, ankA is the most actively studied A. 
phagocytophilum component (24,29). This gene encodes a 
153-160 kDa protein with at least 11 N-terminal ankyrin 
repeats and a C-terminus with several tandem repeats but 
no homology with other proteins. AnkA sequences are 
diverse according to geographic origin, with relative con- 
servation among North American strains and diversity 
among European bacteria. Whether ankA diversity relates 
to severity is not known. An interesting observation 
regarding AnkA is its localization, where it forms a com- 
plex with chromatin in the infected granulocyte cell nucle- 
us. Although little is known about whether AnkA affects A. 
phagocytophilum survival or pathogenesis, it is currently 
the only protein of A. phagocytophilum known to be 
secreted by the bacterium, that passes through the bacteri- 
al and vacuolar membrane (presumably by the A. phagocy- 
tophilum type IV secretion mechanism [23]), through the 
cytoplasm and nuclear membrane, to find a nuclear target. 
Within the nucleus of infected neutrophils or HL-60 cells, 
AnkA binds nuclear proteins and complexes to AT-rich 
nuclear DNA that lacks specific conserved sequences (29). 
Its mere presence in the nucleus of a cell in which gene 
transcription appears to be altered by infection compels 
further investigation of a direct pathogenetic role in regu- 
lation of eukaryotic gene expression. 

Animal Models and Immunopathogenicity 

The discrepancy between bacterial load and histopatho- 
logic changes with HGA suggests that disease relates to 
immune effectors that inadvertently damage tissues. In 
vivo human cytokine responses are dominated by interfer- 
on-y (IFNy) and interleukin- 10 (IL-10), but lack tumor 
necrosis factor a (TNFa), IL-lp, and IL-4 (30), which 
suggests a role for macrophage activation in recovery and 
disease. A murine model shows a cytokine profile similar 
to that in humans and reproduces histopathologic lesions in 
infected humans, horses, and dogs (19). In this model, bac- 
terial load peaks at day 7 and rapidly declines; IFNy peaks 
at day 10 and also declines in parallel. However, 
histopathologic injury, minimal at days 7-10, peaks by day 
14, and then resolves. This pattern suggests a role for IFNy 
in histopathology and restriction of infection, which is 
confirmed since histopathologic lesions do not develop in 
IFNy knockout mice, but the mice have a 5- to 8-fold 
increase in bacteremia levels (31). In contrast, IL-10 
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knockout mice, which poorly restrict INFy production, do 
not have increased bacteremia levels, yet histopathologic 
lesions are significantly worse than controls. The mecha- 
nisms of bacterial growth restriction seem clearly related 
to INFy production, but the role of NOS2 (iNOS) in this 
process is unresolved. Activation of innate immune 
responses through TLR2, TLR4, MyD88, TNFa, and 
CYBB does not contribute to control of A. phagocy- 
tophilum. Several murine models show no correlation 
between histopathologic injury and bacterial load. 
Likewise, infection of TLR2-, TLR4-, MyD88-, TNFa-, 
and CYBB -knockout mice does not affect bacterial bur- 
den, yet abrogates inflannnatory tissue lesions. Such find- 
ings support an immune triggering role for A. 
phagocytophilum as a mechanism for disease. 

While IFNy and IL-10 are key markers or effectors of 
injury with A. phagocytophilum infection, their source is 
unclear. Infection of neutrophils and HL-60 cells differen- 
tiated into neutrophil-like cells produces striking quantities 
of CXC and CC chemokines, including IL-8, RANTES, 
MIPla, MIPlp, and MCP-1, but not IFNy, IL-10, TNFa, 
IL-lp, or IL-4 (32), suggesting that A. phagocytophilum 
infection partially activates neutrophils. Akkoyunlu et al. 
demonstrated a decreased bacteremia with antibody block- 
ade of chemokine receptors (CXCR2) and in CXCR2 
knockout mice (33). This presumably provides a survival 
advantage to the bacterium by recruitment of new neu- 
trophil host cells, increasing the blood concentrations of 
infected cells that can be acquired by tick bite. In spite of 
the increased bacteremia, no increase in histopathologic 
lesions is noted, confirming previous studies. The disad- 
vantage of chemokine production to the host is that recruit- 
ment of inflammatory cells that are activated could 
produce IFNy-induced inflammation, leading to damage to 
tissues. 

Neutrophil Functional Changes with 
A. phagocytophilum Infection 

Other notable alterations of neutrophil function and 
physiology are observed with A. phagocytophilum infec- 
tion. A. phagocytophilum survives its initial encounter by 
detoxifying superoxide produced by neutrophil phagocyte 
oxidase assembly, perhaps by virtue of bacterial superox- 
ide dismutase (23,34). Although not yet shown in infected 
neutrophils, infected HL-60 cells are unable to generate 
respiratory bursts because of reduced transcription of com- 
ponents of phagocyte oxidase, including gp9lP^°^ and 
Rac2 (35,36). Although this defect seems limited to the 
infected neutrophils and is a major mechanism that permits 
intracellular infection, the reduction in phagocyte oxidase 
may have other effects, including a reduction in local reg- 
ulation of inflammation. This results from the inability of 
phagocyte oxidase to degrade inflammatory mediators 


such as leukotrienes, complement, and perhaps other com- 
ponents. Another normal function of neutrophils is apopto- 
sis, which regulates inflannnation by programmed cell 
death of activated neutrophils usually within 24 to 48 
hours. The induction of apoptosis by A. phagocy- 
tophilum-infQctQd neutrophils is delayed ~24 hours (37) 
and also relates to maintained transcription of bcl2 family 
genes and stabilization of the mitochondrial pathway that 
ultimately prevents procaspase 3 processing (37). 

Infection by A. phagocytophilum results in significant 
disruption of normal neutrophil function, including 
endothelial cell adhesion and transmigration, motility, 
degranulation, respiratory burst, and phagocytosis. A. 
phagocytophilum-mfQcitd neutrophils and HL-60 cells are 
inhibited from binding to systemic and brain microvascu- 
lar endothelial cells, even under conditions of low shear 
force (38). The adhesion defect results from the shedding 
of neutrophil PSGL-1 and L-selectin, which mediate the 
critical first step in inflammatory cell recruitment. This 
inhibited recruitment occurs despite the rapid mobilization 
of surface p2-integrins (CDllb/CD18) and ICAM-1 
(CD54), which ordinarily mediate the second phase of 
tight endothelial-cell binding. Thus, A. phagocytophilum- 
infected neutrophils are inhibited from transmigrating 
endothelial cell barriers in spite of stimulated motility. 
Selectin “shedding” occurs because infected cells degran- 
ulate, including an EDTA-inhibitable sheddase (metallo- 
protease), p2-integrins, CD66b, and other inflammatory 
components such as matrix metalloproteases, which 
includes gelatinase (MMP9) (38,39). Engagement of 
opsonophagocytosis receptors and degranulation are usu- 
ally accompanied by rapid cell death (apoptosis), but with 
A. phagocytophilum, degranulation occurs over a pro- 
longed period, potentially exacerbating inflammation, 
especially with delayed apoptosis of infected neutrophils 
(36,39,40). After recruitment, chemotactic migration, and 
activation for respiratory burst, neutrophils are then acti- 
vated for phagocytosis; however, this function is inhibited 
in vivo and in vitro, perhaps in part resulting from alter- 
ations of rac2 expression and loss of important surface 
receptors (40). Altogether, the activated-deactivated phe- 
notype of the A. phagocytophilum-infQctQd neutrophil may 
benefit the bacterium by increasing concentrations of 
infected cells in the peripheral blood that are unresponsive 
to tissue recruitment and may have a prolonged lifespan. 
However, the cost to the host includes activation of neu- 
trophils to participate in proinflannnatory reactions while 
they are unable to act as microbicidal effectors or regula- 
tors of inflannnation. 

Conclusions 

Investigators of novel intracellular bacteria often 
address unanswered questions by investigating processes 
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shared with other bacteria or bacterial processes, or by 
investigating differences that have allowed the unique 
niche to become occupied. Since A. phagocytophilum, 
along with E. ruminantium, E. ewingii, and Chlamydo- 
phila pneumoniae are the only known bacteria to survive 
and propagate within neutrophils, it seems most relevant 
that investigation should focus on adaptations permissive 
for neutrophil infection. What is clear is that this new tick- 
borne infection has a great capacity to infect and cause dis- 
ease in humans while maintaining a persistent subclinical 
state in animal reservoirs. The disease processes appear to 
be innnune and inflannnatory in nature, not directly related 
to pathogen burden, and result by the triggering of a detri- 
mental and poorly regulated host response. Recent investi- 
gations have provided important phenotypic data on the 
range of functional changes among A. phagocytophilum- 
infected neutrophils and identified several compelling tar- 
gets for study of fundamental pathogenetic processes. 
Important areas that still need intense study include the bac- 
terial triggers of host innate and inflannnatory response and 
the molecular and cellular mechanisms by which A. phago- 
cytophilum influences cell function and ultimately causes 
injury to host cells, tissues, and organs. Perhaps by devel- 
oping a more comprehensive understanding of the basic 
mechanisms underlying A. phagocytophilum-nQuirophiV 
host interactions, we can appropriately target strategies for 
control and management. 

Much of the work described in this article was supported by 
grants ROl AI44102. ROl AI41213, and R21 NS050711 from the 
National Institutes of Allergy and Infectious Diseases and the 
National Institute for Neurological Diseases and Stroke. 

Dr Dumler is professor of pathology, Division of Medical 
Microbiology, at the Johns Hopkins University School of 
Medicine, Baltimore, Maryland. He has been studying the genera 
Rickettsia, Ehrlichia, and Anaplasma for over 25 years. 

References 

1. Chen S-M, Dumler JS, Bakken JS, Walker DH. Identification of a 
granulocytotropic Ehrlichia species as the etiologic agent of human 
disease. J Clin Microbiol. 1994;32:589-95. 

2. Bakken JS, Dumler JS, Chen SM, Eckman MR, Van Etta LL, Walker 
DH. Human granulocytic ehrlichiosis in the upper midwest United 
States. Anew species emerging? JAMA. 1994;272:212-8. 

3. Dumler JS, Barbet AF, Bekker CP, Dasch GA, Palmer GH, Ray SC, 
et al. Reorganization of genera in the families Rickettsiaceae and 
Anaplasmataceae in the order Rickettsiales: unification of some 
species of Ehrlichia with Anaplasma, Cowdria with Ehrlichia and 
Ehrlichia with Neorickettsia, descriptions of six new species combi- 
nations and designation of Ehrlichia equi and ‘HGE agent’ as subjec- 
tive synonyms of Ehrlichia phagocytophila. Int J Syst Evol 
Microbiol. 2001;51:2145-65. 

4. Walker DH, Dumler JS. Emergence of ehrlichioses as human health 
problems. Emerg Infect Dis. 1996;2:18-29. 


5. Bakken JS, Krueth J, Wilson-Nordskog C, Tilden RL, Asanovich K, 
Dumler JS. Clinical and laboratory characteristics of human granulo- 
cytic ehrlichiosis. JAMA. 1996;275:199-205. 

6. Aguero-Rosenfeld ME, Horowitz HW, Wormser GP, McKenna DF, 
Nowakowski J, Munoz J, et al. Human granulocytic ehrlichiosis 
(HGE): a case series from a single medical center in New York State. 
Ann Intern Med. 1996; 125: 904-8. 

7. Hardalo C, Quagliarello V, Dumler JS. Human granulocytic ehrli- 
chiosis in Connecticut: report of a fatal cases. Clin Infect Dis. 
1995;21:910-4. 

8. Lotric-Furlan S, Petrovec M, Avsic-Zupanc T, Strle F. Human granu- 
locytic ehrlichiosis in Slovenia. Ann N Y Acad Sci. 2003; 
990:279-84. 

9. Blanco JR, Oteo JA. Human granulocytic ehrlichiosis in Europe. Clin 
Microbiol Infect. 2002; 8:763-72. 

10. Bjoersdorff A, Wittesjo B, Berglun J, Massung RE, Eliasson I. Human 
granulocytic ehrlichiosis as a common cause of tick-associated fever 
in Southeast Sweden: report from a prospective clinical study. Scand 
J Infect Dis. 2002;34:187-91. 

11. Belongia EA, Gale CM, Reed KD, Mitchell PD, Vandermause M, 
Finkel ME, et al. Population-based incidence of human granulocytic 
ehrlichiosis in northwestern Wisconsin, 1997-1999. J Infect Dis. 
2001;184:1470-4. 

12. Belongia EA, Reed KD, Mitchell PD, Chyou PH, Mueller-Rizner N, 
Finkel ME, et al. Clinical and epidemiological features of early Lyme 
disease and human granulocytic ehrlichiosis in Wisconsin. Clin Infect 
Dis. 1999;29:1472-7. 

13. Wallace BJ, Brady G, Ackman DM, Wong SJ, Jacquette G, Lloyd EE, 
et al. Human granulocytic ehrlichiosis in New York. Arch Intern Med. 
1998;158:769-73. 

14. Lotric-Furlan S, Petrovec M, Avsic-Zupanc T, Strle F. Comparison of 
patients fulfilling criteria for confirmed and probable human granulo- 
cytic ehrlichiosis. Scand J Infect Dis. 2004;36:817-22. 

15. Bakken JS. Clinical diagnosis and treatment of human granulocytic 
anaplasmosis. In: Abstracts of the 4th International Conference on 
Rickettsiae and Rickettsial Diseases, Logrono, Spain, 2005 Jun 
18-21. Abstract 0-34. 

16. Bakken JS, Goellner P, Van Etten M, Boyle DZ, Swonger OL, 
Mattson S, et al. Seroprevalence of human granulocytic ehrlichiosis 
(HGE) and risk factors associated with infection among residents in 
northwestern Wisconsin. Clin Infect Dis. 1998;27:1491-6. 

17. Aguero-Rosenfeld ME, Donnarumma L, Zentmaier L, Jacob J, Frey 
M, Noto R, et al. Seroprevalence of antibodies that react with 
Anaplasma phagocytophila, the agent of human granulocytic ehrli- 
chiosis, in different populations in Westchester County, New York. J 
Clin Microbiol. 2002;40:2612-5. 

18. IJdo JW, Meek JI, Cartter ML, Magnarelli LA, Wu C, Tenuta SW, et 
al. The emergence of another tickborne infection in the 12-town area 
around Lyme, Connecticut: human granulocytic ehrlichiosis. J Infect 
Dis. 2000;181:1388-93. 

19. Lepidi H, Bunnell JE, Martin ME, Madigan JE, Stuen S, Dumler JS. 
Comparative pathology and immunohistology associated with clini- 
cal illness after Ehrlichia phagocytophila-group infections. Am J 
Trop Med Hyg. 2000;62:29-37. 

20. Brodie TA, Holmes PH, Urquhart GM. Some aspects of tick-borne 
diseases of British sheep. Vet Rec. 1986;118:415-8. 

21. Gribble DH. Equine ehrlichiosis. J Am Vet Med Assoc. 
1969;155:462-9. 

22. Lin M, Rikihisa Y. Ehrlichia chaffeensis and Anaplasma phagocy- 
tophilum lack genes for lipid A biosynthesis and incorporate choles- 
terol for their survival. Infect Immun. 2003;71:5324-31. 

23. Ohashi N, Zhi N, Lin Q, Rikihisa Y. Characterization and transcrip- 
tional analysis of gene clusters for a type IV secretion machinery in 
human granulocytic and monocytic ehrlichiosis agents. Infect 
Immun. 2002;70:2128-38. 


Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 11, No. 12, December 2005 


1833 


PERSPECTIVE 


24. Caturegli P, Asanovich KM, Walls JJ, Bakken JS, Madigan JE, Popov 
S, et al. ankA: an Ehrlichia phagocytophila group gene encoding a 
protein antigen with ankyrin-like repeats. Infect Immun. 
2000;68:5277-83. 

25. Herron MJ, Nelson CM, Larson J, Snapp KR, Kansas GS, Goodman 
JL. Intracellular parasitism by the human granulocytic ehrlichiosis 
bacterium through the P-selectin ligand, PSGL-1. Science. 
2000;288:1653-6. 

26. Park J, Choi K-S, Dumler JS. Major surface protein 2 (Msp2) of 
Anaplasma phagocytophilum facilitates adherence to granulocytes. 
Infect Immun. 2003;71:4018-25. 

27. Webster P, IJdo JW, Chicoine LM, Fikrig E. The agent of human 
granulocytic ehrlichiosis resides in an endosomal compartment. J 
Clin Invest. 1998;101:1932-41. 

28. Scorpio DG, Caspersen K, Ogata H, Park J, Dumler JS. Restricted 
changes in major surface protein-2 (mspl) transcription after pro- 
longed in vitro passage of Anaplasma phagocytophilum. BMC 
Microbiol. 2004;4:1. 

29. Park J, Kim KJ, Choi KS, Grab DJ, Dumler JS. Anaplasma phagocy- 
tophilum AnkA binds to granulocyte DNA and nuclear proteins. Cell 
Microbiol. 2004;6:743-51. 

30. Dumler JS, Trigiani ER, Bakken JS, Aguero-Rosenfeld ME, Wormser 
GP. Serum cytokine responses during acute human granulocytic ehrli- 
chiosis. Clin Diagn Lab Immunol. 2000;7:6-8. 

31. Martin ME, Caspersen K, Dumler JS. Immunopathology and 
ehrlichial propagation are regulated by interferon gamma (IFN?) and 
interleukin- 10 (IL-10) in a murine model of human granulocytic 
ehrlichiosis (HGE). Am J Pathol. 2001;158:1881-8. 

32. Klein MB, Hu S, Chao CC, Goodman JL. The agent of human gran- 
ulocytic ehrlichiosis induces the production of myelosuppressing 
chemokines without induction of proinflammatory cytokines. J Infect 
Dis. 2000;182:200-5. 


33. Akkoyunlu M, Malawista SE, Anguita J, Fikrig E. Exploitation of 
interleukin- 8-induced neutrophil chemotaxis by the agent of human 
granulocytic ehrlichiosis. Infect Immun. 2001;69:5577-88. 

34. Carlyon JA, Abdel-Latif D, Pypaert M, Lacy P, Fikrig E. Anaplasma 
phagocytophilum utilizes multiple host evasion mechanisms to thwart 
NADPH oxidase-mediated killing during neutrophil infection. Infect 
Immun. 2004;72:4772-83. 

35. Carlyon JA, Chan WT, Galan J, Roos D, Fikrig E. Repression of rac2 
mRNA expression by Anaplasma phagocytophila is essential to the 
inhibition of superoxide production and bacterial proliferation. J 
Immunol. 2002;169:7009-18. 

36. Choi K-S, Dumler JS. Early induction and late abrogation of respira- 
tory burst in A. phagocytophilum-miQciQd neutrophils. Ann N Y Acad 
Sci. 2003;990:488-93. 

37. Ge Y, Yoshiie K, Kuribayashi F, Lin M, Rikihisa Y. Anaplasma 
phagocytophilum inhibits human neutrophil apoptosis via upregula- 
tion of bfl-l, maintenance of mitochondrial membrane potential and 
prevention of caspase 3 activation. Cell Microbiol. 2005;7:29-38. 

38. Choi K-S, Garyu J, Park J, Dumler JS. Diminished adhesion of 
Anaplasma phagocytophilum-miQciQd neutrophils to endothelial 
cells is associated with reduced leukocyte surface selectin expression. 
Infect Immun. 2003;71:4586-94. 

39. Choi KS, Grab DJ, Dumler JS. Anaplasma phagocytophilum infec- 
tion induces protracted neutrophil degranulation. Infect Immun. 
2004;72:3680-3. 

40. Garyu JW, Choi KS, Grab DJ, Dumler JS. Defective phagocytosis in 
Anaplasma phagocytophilum-mfQciQd neutrophils. Infect Immun. 
2005;73:1187-90. 


Address for correspondence: J. Stephen Dumler, The Johns Hopkins 
Medical Institutions 720 Rutland Ave, Ross 624, Baltimore, MD 21205, 
USA; fax: 443-287-3665; email: sdumler@jhmi.edu 


Full text free online at 
www.cdc.gov/eid 


EMERGING 
INFECTIOUS DISEASES 

The print journal is available at no charge to public health professionals 
I I YES, I would like to receive Emerging Infectious Diseases. 


Please print your name and business 
address in the box and return by fax to 
404-371-5449 or mail to 
EID Editor 
CDC/NCID/MS D61 
1600 Clifton Road, NE 
Atlanta, GA 30333 


Moving? Please give us your new address (in the box) and print the number of your old 
mailing label here 


1834 


Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 11, No. 12, December 2005 


Francisella tularensis in the 
United States 

Jason Farlow,* David M. Wagner,* Meghan Dukerich,* Miles Stanley,* May Chu,t Kristy Kubota,t 

Jeannine Petersen,f and Paul Keim* 


The causative agent of tularemia, Francisella tularen- 
sis, is a formidable biologic agent that occurs naturally 
throughout North America. We examined genetic and spa- 
tial diversity patterns among 161 US F tularensis isolates 
by using a 24-marker multiple-locus variable-number tan- 
dem repeat analysis (MLVA) system. MLVA identified 126 
unique genotypes. Phylogenetic analyses showed patterns 
similar to recently reported global-scale analyses. We 
observed clustering by subspecies, low genetic diversity 
within F tularensis subsp. holarctica, and division of F 
tularensis subsp. tularensis into 2 distinct subpopulations: 
A.I. and A.II. The 2 F tularensis subsp. tularensis subpop- 
ulations also represent geographically distinct groups; A.I. 
occurs primarily in the central United States, and A.II. 
occurs primarily in the western United States. These spatial 
distributions are correlated with geographic ranges of par- 
ticular vectors, hosts of tularemia, and abiotic factors. 
These correlates provide testable hypotheses regarding 
ecologic factors associated with maintaining tularemia foci. 

T ularemia, also known as rabbit fever or deer-fly fever, 
is caused by the gram-negative intracellular pathogen 
Francisella tularensis (1). This bacterium was first identi- 
fied in 1912 following reports of a plaguelike illness in 
ground squirrels in Tulare County, California (2). One of 
the most pathogenic microorganisms known, F. tularensis 
is currently listed as a category A select agent (3) because 
of its potential as a bioterrorism agent. 

Since the discovery of this pathogen, 4 subspecies have 
been identified that exhibit distinct virulence and biochem- 
ical profiles as well as characteristic geographic distribu- 
tions (4). Human disease is primarily associated with 2 F. 
tularensis subspecies: the highly virulent F. tularensis 
subsp. tularensis (type A), which is found only in North 


*Northern Arizona University, Flagstaff, Arizona, USA; and 
fCenters for Disease Control and Prevention, Fort Collins, 
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America, and the moderately virulent F. tularensis subsp. 
holarctica (type B), which is endemic throughout the 
Northern Hemisphere (5). Although F. tularensis subsp. 
novicida was recently reported in Australia, it is endemic 
primarily in North America and rarely isolated (6). F 
tularensis subsp. mediasiatica is reported only from cen- 
tral Asian republics of the former Soviet Union (7). 

Although the incidence of human tularemia is rare in 
the United States, the distribution of the pathogen appears 
ubiquitous (8). From 1981 to 1987, -60% of the cases 
reported in the United States occurred in Arkansas, 
Louisiana, Missouri, Oklahoma, or Texas (9). With the 
exception of localized outbreaks at Martha’s Vineyard, 
Massachusetts, the central states of Arkansas, Missouri, 
Oklahoma, and South Dakota reported the highest inci- 
dence of the disease from 1990 to 2000 (8). Human 
tularemia incidence in the United States peaked in 1939 
with 2,291 reported cases (5) and has since decreased to 
100-200 cases annually (8). 

In the United States, several blood-feeding arthropods 
serve as vectors for F. tularensis, including ticks (Ixodidae) 
and biting flies (Tahanidae) (5). Three ixodid tick species 
are important vectors in the United States: the American 
dog tick (Dermacentor variabilis), the Rocky Mountain 
wood tick {D. andersoni), and the Lone Star tick 
(Amblyomma americanum) (5). The deer fly (Chrysops 
discalis) was the first tularemia vector to be identified and 
is often associated with human disease in the western 
United States (10-12). 

Tularemia infections have been documented in >200 
species of mammals, as well as birds, reptiles, and fish (4). 
In North America, members of the family Leporidae, such 
as Sylvilagus spp. (cottontail rabbits) and Lepus spp. 
(hares), are important hosts (5). Despite these findings, the 
transmission cycle of F. tularensis is not well characterized 
because of the rare occurrence of natural outbreaks involv- 
ing humans. As a result, ecologic and environmental 
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factors promoting the maintenance of tularemia foci in 
North America remain largely unknown. 

We recently identified a major division within F. 
tularensis subsp. tularensis (13). This division consists of 
the split between the highly diverse A.I. isolates, which 
include the SCHU S4 strain, and the less diverse A.II. iso- 
lates, which include the F. tularensis species type strain 
ATCC 6223 (13). Since this division was not previously 
recognized, no studies have yet explored ecologic factors 
that may serve as the basis for this structure. 

In this study, we examined genetic- spatial patterns 
among North American F. tularensis isolates to better 
understand how geography may shape their genetic reper- 
toire. In an attempt to identify factors that may influence 
the maintenance of endemic tularemia foci in the United 
States, we examined correlations between observed genet- 
ic groupings that were identified by using multiple-locus 
variable-number tandem repeat analysis (MLVA) and biot- 
ic and abiotic variables. 

Methods 

Isolates of F. tularensis and MLVA Subtyping 

We examined 161 F tularensis isolates, 158 from the 
United States and 3 from Canada. Subspecies analyzed 
included 83 F. tularensis subsp. tularensis, 72 F. tularensis 
subsp. holarctica, and 6 F tularensis subsp. novicida. The 
originating laboratories for a subset of these isolates (n = 
80) is reported elsewhere (13). All additional isolates were 
provided by the Centers for Disease Control and 
Prevention in Fort Collins, Colorado. A detailed descrip- 
tion of the MLVA typing system and its use in examining 
phylogenetic relationships within F. tularensis are reported 
elsewhere (13). 

Phylogenetic, Spatial, and Statistical Analyses 

A neighbor-joining dendrogram was generated by using 
PAUP (Sinauer Associates Inc., Sutherland, MA, USA). 
Distribution maps were generated with Arc View 3.3 
(Environmental Systems Research Institute, Inc., 
Redlands, CA, USA); host and vector distributions were 
based on previously published data (5,14,15). Rank Mantel 
analyses were performed (16) by using PRIMER software 
(Primer-E, Ltd., Plymouth, UK). Genetic group (A.I. or 
A.II.) or location (California or not California) were used 
as the categoric factors for analysis of similarities 
(ANOSIM) (17). Spatial analyses were performed by 
using county centroid data from a subset of isolates with 
known county of origin. Within this subset, 1 representa- 
tive was included from each set of isolates known to be 
from the same host or epidemiologically linked. Isolates 
examined included 49 F. tularensis subsp. holarctica, 30 F. 
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Figure 1. Genetic relationships among 48 North American 
Francisella tularensis subsp. tularensis A.\. subpopulation isolates 
based upon allelic differences at 24 variable number tandem 
repeat (VNTR) markers. County, state, and year of isolation are 
specified to the right of each branch or clade. G indicates number 
of distinct VNTR marker genotypes, dots indicate host-linked iso- 
lates, boxed designation indicates prominent F. tularensis subsp. 
tularensis laboratory strain SCHU S4, and asterisks indicate iso- 
lates with an unknown year of isolation. 


tularensis subsp. tularensis subpopulation A.I., and 28 F. 
tularensis subsp. tularensis subpopulation A.II. A digital 
elevation model (Environmental Systems Research 
Institute, Inc.) was used to calculate mean elevation in 
each county of occurrence. 

Results 

Neighbor-joining analysis of MLVA data identified 4 
major genetic groups among the 161 North American F. 
tularensis isolates: F. tularensis subsp. tularensis subpopu- 
lation A.I., F. tularensis subsp. tularensis subpopulation 
A.II., F. tularensis subsp. holarctica, and F. tularensis 
subsp. novicida (Figures 1-5). The genetic groupings 
observed are consistent with the major genetics groups we 
described previously (13). In all cases, assignment of iso- 
lates to these genetic groups was consistent with their exist- 
ing subspecies designations, which were based upon 
innnunofluorescent, biochemical, and other molecular tests. 
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Figure 2. Genetic relationships among 35 North American 
Francisella tularensis subsp. tularensis A.W. subpopulation isolates 
based upon allelic differences at 24 variable number tandem 
repeat (VNTR) markers. County, state, and year of isolation are 
specified to the right of each branch or clade. G indicates number 
of distinct VNTR marker genotypes, triangle indicates epidemio- 
logically linked isolate, asterisk indicates isolate with an unknown 
year of isolation, boxed designation indicates F tularensis type 
strain B-38, and square indicates a set of genetically identical but 
epidemiologically unlinked isolates. 


Genetic Resolution 

The MLVA typing system provided good genetic reso- 
lution (Figures 1-4). A total of 126 unique genotypes were 
observed among the 161 isolates. The average pairwise 
distance between isolates within the A.I. and A.II. subpop- 
ulations of E tularensis subsp. tularensis, E tularensis 
subsp. holarctica, and E tularensis subsp. novicida was 
0.324, 0.172, 0.144, and 0.310, respectively. MLVA pro- 
vided complete discrimination among E. tularensis subsp. 
tularensis A.I. isolates, with the exception of 3 sets of iso- 
lates obtained from the same hosts (Figure 1). Among A.II. 
isolates, all but 2 sets of isolates were resolved by MLVA 
(Figure 2). Genetic resolution was poorest within E. 
tularensis subsp. holarctica; 14 sets of isolates were unre- 
solved. Among these sets, only 2 were epidemiologically 
or host-linked, whereas many of the remaining 12 


associated sets contain isolates from distant geographic 
locations (Figure 3). 


Geographic Distributions of Genetic Groups 

The 4 genetic groups exhibited unique distributional 
patterns in geographic space (Figure 6). Isolates from E 
tularensis subsp. holarctica were the most widespread, 
occurring in many of the lower 48 contiguous states, as 
well as British Columbia. With the exception of the 1920 
Utah type strain (Utah 112) and 1 isolate from California, 
the other 4 E. tularensis subsp. novicida isolates were col- 
lected in southeastern states (Figures 4 and 6). The human 
incidence hotspot in the central United States (8) appears 
to be associated with the E. tularensis subsp. tularensis A.I. 
group (Figure 6). However, isolates from this group were 
also collected in Alaska, British Columbia, and California 
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Figure 3. Genetic relationships among 72 North American 
Francisella tularensis subsp. holarctica B type isolates based upon 
allelic differences at 24 variable number tandem repeat (VNTR) 
markers. County, state, and year of isolation are specified to the 
right of each branch or clade. G indicates number of distinct VNTR 
marker genotypes, squares indicate genetically identical but epi- 
demiologically unlinked isolates, asterisk indicates isolate with an 
unknown year of isolation, dot indicates a host-linked isolate, and 
triangles indicate epidemiologically linked isolates. 
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Figure 4. Genetic relationships among 6 North American 
Francisella tularensis subsp. novicida isolates based upon allelic 
differences at 24 variable number tandem repeat (VNTR) markers. 
County, state, and year of isolation are specified to the right of 
each branch or clade. G indicates number of distinct VNTR mark- 
er genotypes, and boxed designation indicates F. tularensis subsp. 
nowc/c/a type strain Utah 112 (U112). 


(Figures 1 and 6). In contrast, isolates of the F. tularensis 
subsp. tularensis A.II. subpopulation were collected pri- 
marily in the western United States, although some were 
also collected in Ontario and Texas (Figures 2 and 6). 
California is the only state that had isolates from all 4 
genetic groups (Figures 1-4 and 6). 

Genetic-Geographic Correiations 

Only within F. tularensis subsp. tularensis subpopula- 
tion A.II did genetic and geographic distances show a cor- 
relation (p = 0.340, p = 0.0009). No significant correlation 
was found between genetic and geographic distances 
within F. tularensis subsp. tularensis subpopulation A.I. 
(p = -0.009, p = 0.5239) or F. tularensis subsp. holarctica 
(p = 0.033, p = 0.3328). 

F. tularensis subsp. tularensis A.\. 
and A.ii. Subpopulations 

Based on ANOSIM, A.I. and A.II. isolates form 2 dis- 
tinct groups in geographic space (R = 0.336, p<0.001). We 
found no evidence (R = -0.048, p = 0.639) that F tularen- 
sis subsp. tularensis A.I. isolates from California (n = 5) 
are genetically distinct from A.I. isolates found in the other 
47 contiguous states (n = 23). 

The geographic distributions of the A.I. and A.II. sub- 
populations are associated with distinct abiotic and biotic 
factors, including known tularemia vectors and hosts. The 
mean elevation in counties where A.I. subpopulation geno- 
types were isolated was significantly lower (45 1 .7 m, stan- 
dard error [SE] 84.9; U = 211.5, p<0.001, by Mann- 
Whitney U test) than the mean elevation in counties where 
A.II. subpopulation genotypes were isolated (1,400.9 m, 
SE 175.2). The geographic distribution of A.I. isolates is 
closely associated with the distribution of the vectors A. 
americanum and D. variabilis\ both D. variabilis and the 
A.I. isolates occur primarily in the central and eastern 


United States but also in California (Figure 7A). The main 
geographic cluster of A.II. isolates is associated with the 
distributions of 2 known tularemia vectors, D. andersoni 
and C. discalis (Figure 7A). Finally, the main geographic 
distributions of A.I. and A.II. isolates are each associated 
with the distributions of different rabbit hosts, S. flori- 
danus and S. nuttallii, respectively (Figure 7B). 


Discussion 

This study provides an ecogenetic analysis of F 
tularensis in the United States and contributes new insights 
into this human health threat and potential biologic 
weapon. Our analyses categorized North American F. 
tularensis isolates into 4 previously recognized groups 
(13) and provided good genetic resolution within those 
groups (Figures 1-5). These findings indicate that MLVA 
is useful for examining continent- scale patterns of genetic 
diversity in F. tularensis. We focus here on a more detailed 
discussion of F. tularensis population structure on a conti- 
nentwide scale and the ecologic correlates and associations 
of specific groups. 

We observed relatively little genetic diversity within F. 
tularensis subsp. holarctica (Figure 3) despite analyzing 
samples from across North America (Figure 6). The genet- 
ic diversity that exists within this subspecies does not 
appear to be related to geographic distance. The lack of 
geographic differentiation, coupled with the low genetic 
diversity of F. tularensis subsp. holarctica in the United 
States, is consistent with rapid transmission of a recently 
emerged pathogen across great distances. 

Unlike F. tularensis subsp. holarctica, the A.I. and 
A.II. subpopulations within F. tularensis subsp. tularensis 
are genetically distinct and geographically differentiated. 
The spatial distributions of these 2 subpopulations are 
associated with large differences in elevation, with A.I. 
occurring at lower elevations than A.II. Elevation alone is 
unlikely to influence the distribution of different groups 
within F. tularensis subsp. tularensis. We examined eleva- 
tion because it is a single measurement that is highly 
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Figure 5. Phylogenetic relationships among subgroups A.I. , A.II., B 
type, and Francisella tularensis subsp. novicida at 24 variable num- 
ber tandem repeat markers. Scale bar represents genetic distance. 
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Figure 6. Spatial distribution of 125 Francisella tularensis isolates 
for which information on originating county was available. 
Locations (colored circles) correspond to county centroids. More 
than 1 subspecies was isolated from some counties in California 
(Alameda, Contra Costa, Los Angeles, San Luis Obispo, and 
Santa Cruz) and Wyoming (Natrona) (see Figures 1-3). In some 
cases, a single circle may represent instances where >1 sample of 
a given subspecies or genotypic group was isolated from a single 
county. Two isolates with county information, 1 from northern 
British Columbia and 1 from Alaska, are not shown. 


correlated with other, more biologically relevant factors 
that may influence host and vector distributions, such as 
temperature, rainfall, and distribution of major vegetation 
types (18). The A.I. and A.IL subpopulations may have 
adapted to transmission and maintenance by specific vec- 
tors and hosts, leading to niche separation. This idea is sup- 
ported by the striking association between the respective 
distributions of the A.I. and A.IL subpopulations and the 
distributions of specific tularemia vectors and hosts (Figure 
7). Our results indicate that S. floridanus may be an impor- 
tant host for the A.I. subpopulation and S. nuttallii for the 
A.IL subpopulation (Figure 7B). 

The A.I. and A.IL subpopulations within F. tularensis 
subsp. tularensis are associated with specific vector 
species, and movement of these vectors may have dispersed 
the pathogen across the United States. The distribution of 
the A.I. subpopulation is spatially correlated with A. amer- 
icanum and the American dog tick D. variabilis (Figure 
7A). The transport of dogs and, consequently, F. tularen- 
i-A-infected D. variabilis may explain the lack of genetic- 
spatial correlation within this group, as well as the 
occurrence in California of both D. variabilis and the A.I. 
subpopulation of F. tularensis subsp. tularensis. Tularemia- 
infected D. variabilis could have been introduced into 
California through dogs during human westward migration 
in the 19th or 20th centuries. This hypothesis is consistent 
with the urban distribution of D. variabilis in California 
(19). Whatever the timing, A.I. isolates from California do 


not form a genetic group that is distinct from other A.I. iso- 
lates, which is suggestive of multiple introductions to 
California from the eastern United States. In contrast, the 
information in Figure 7 suggests the primary focus of the F. 
tularensis subsp. tularensis A.IL subpopulation is in the 
western United States and that this focus is associated with 
the vectors D. andersoni and C. discalis. 

The evolutionary linkage of the A.I. and A.IL subpopu- 
lations within F tularensis subsp. tularensis may be 
ancient (Figure 8A). Large MLVA distances separate these 
types (13) and are equivalent to those separating other F. 
tularensis subspecies (Figure 5). The current spatial distri- 
bution and genetic distances distinguishing the A.I. and 
A.IL subpopulations may have been shaped by Pleistocene 
refugia. The greater diversity observed in the A.I. subpop- 
ulation is consistent with an older age, more rapid evolu- 
tion in this focus, or a historical genetic bottleneck unique 
to the A.IL subpopulation that occurred after A.I.-A.II. 
separation. Evolutionary rates are accelerated in certain 
ecologic scenarios and retarded in others. However, if 
equal evolutionary rates between the A.I. and A.IL subpop- 



Q F.t. subsp. tularensis K\. Q Dermacentor variabilis 
# F.t. subsp. tularensis A. II. Q Amblyomma americanum 
□ Dermacentor andersoni Q Chrysops discalis 



Figure 7. Spatial distributions of isolates from the A.I. and A.II. sub- 
populations of Francisella tularensis subsp. tularensis relative to A) 
distribution of tularemia vectors Dermacentor variabilis, D. ander- 
soni, Amblyomma americanum, and Chrysops discalis] and B) dis- 
tribution of tularemia hosts Sylvilagus nuttallii and S. floridanus. 
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Figure 8. Genetic and spatial data of the A. I and A. II subpopula- 
tions of Francisella tularensis subsp. tularensis in the United 
States. A) Ancestral status of these 2 subpopulations is unclear; 
either could have founded the other, or a third unknown subpopu- 
lation could have been the ancestor. B) Highly restricted bacterial- 
endemic regions could now be breaking down because of 
human-mediated dispersal of the pathogen across the country. 
The small circles indicate the spatial distribution of the A. I and A.II 
isolates, as shown in Figure 6. 


ulations are assumed, A.L is older and may have been the 
founding population for A.II. More robust phylogenetic 
analysis that uses slowly evolving characters (20,21) 
should eventually root this relationship. 

The lower Midwest tularemia focus (8) may have been 
a dispersal source for other A.L populations in the United 
States. In this model (Figure 8B), continentwide dispersal 
may have occurred as recently as the advent of modern 
transportation (e.g., rail or automobile traffic). A locally 
robust population of E tularensis subsp. tularensis A.I. 
may have been relatively isolated until European colonists 
dispersed this pathogen throughout the continent. The 
rapid and long-range dispersal of infected animals or vec- 
tors would be similar to an evolutionary radiation with lit- 
tle correlation to spatial parameters. 

Such rapid dispersal also may be a function of the 
recent introduction of lagomorph species into these areas. 
In the first half of the 20th century, hundreds of thousands 
of rabbits and hares were shipped from central states to 
eastern states (5,22), and some of these shipments includ- 


ed carcasses infected with F. tularensis (23). Before 1937, 
no cases of tularemia were reported from Massachusetts 
(5). These reports suggest that mass introductions of cot- 
tontail rabbits for sporting purposes ultimately may have 
helped shape the geographic distribution of this pathogen 
in the United States. Clearly, this anthropogenic factor 
played some role in dispersing the pathogen from the cen- 
tral regions of the United States to eastern regions where 
tularemia is now endemic. 

The overall incidence of human tularemia infections in 
the United States appears to arise from areas where we 
showed the prevalence of the A.I. subpopulation of F. 
tularensis subsp. tularensis. Some of the main human inci- 
dence hotspots in the United States, Arkansas, Kansas, 
Massachusetts, Missouri, Oklahoma, and South Dakota 
(8), are all associated with A.I. (Figures 1 and 6). This dis- 
tribution may be the result of a successful group within the 
F. tularensis subsp. tularensis A.I. subpopulation or favor- 
able ecologic conditions that promote disease maintenance 
and transmission in this region. 

Conclusions 

Our results confirm the presence of 2 distinct subpopu- 
lations within F. tularensis subsp. tularensis and indicate 
that these groups are geographically distinct and associat- 
ed with unique biotic and abiotic factors. These findings 
are important because F. tularensis subsp. tularensis is 
most often associated with human tularemia in the United 
States. The ecologic correlates identified here provide a 
framework for developing testable hypotheses regarding 
niche separation between the A.I. and A.II. subpopulations 
and should inform future studies addressing the transmis- 
sion dynamics and persistence of F. tularensis in North 
America. 
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An updated literature survey identified 1,407 recog- 
nized species of human pathogen, 58% of which are 
zoonotic. Of the total, 177 are regarded as emerging or 
reemerging. Zoonotic pathogens are twice as likely to be in 
this category as are nonzoonotic pathogens. Emerging and 
reemerging pathogens are not strongly associated with 
particular types of nonhuman hosts, but they are most like- 
ly to have the broadest host ranges. Emerging and 
reemerging zoonoses are associated with a wide range 
of drivers, but changes in land use and agriculture and 
demographic and societal changes are most commonly 
cited. However, although zoonotic pathogens do represent 
the most likely source of emerging and reemerging infec- 
tious disease, only a small minority have proved capable of 
causing major epidemics in the human population. 

A recent, comprehensive literature survey of human 
pathogens listed >1,400 different species (1), more 
than half known to be zoonotic, i.e., able to infect other 
host species (1,2). The survey data showed that those 
pathogens regarded as emerging and reemerging were 
more likely to be zoonotic than those that are not (1,3), 
confirming an association between these characteristics 
which had long been suspected (4,5), but which could not 
be formally demonstrated without denominator data as 
well as numerator data. 

Here, we revisit these calculations, using updated infor- 
mation on the biology and epidemiology of recognized 
human pathogens. We pay close attention to possible dif- 
ferences between the major pathogen groups — viruses, 
bacteria, fungi, protozoa, and helminths. We also examine 
in detail the relationship between host range and pathogen 
emergence or reemergence, considering both the type and 
diversity of nonhuman hosts. We catalog the kinds of prox- 
imate factors or drivers that have been linked with 
pathogen emergence and reemergence and ask whether 


*Centre for Infectious Diseases, University of Edinburgh, 
Edinburgh, United Kingdom 


these differ between the major pathogen groups or between 
zoonotic and nonzoonotic pathogens. 

We focus mainly on pathogen diversity (as numbers of 
species) rather than on the effects of disease that they 
impose, noting that many diseases, e.g., infant diarrhea, 
can be caused by more than one species of pathogen. 
However, we comment on the transmissibility of 
pathogens once they have been introduced into the human 
population because transmissibility is an important deter- 
minant of the potential public health problem. 

Methods 

We obtained counts of pathogen species from an updat- 
ed version of the previously published database (1). As 
before, we defined a human pathogen as “a species infec- 
tious to and capable of causing disease in humans under 
natural transmission conditions.” We included pathogens 
that have only been reported as causing a single case of 
human disease and those that only cause disease in 
innnunocompromised persons. We also included instances 
of accidental laboratory infection but excluded infections 
resulting from deliberate exposure in the laboratory. We 
added recently recognized pathogens listed online by the 
Centers for Disease Control and Prevention, the World 
Health Organization (WHO), ProMED, and elsewhere 
(6-9). We obtained taxonomic classifications online from 
the International Committee on Taxonomy of Viruses, the 
National Centre for Biotechnology Information, the CAB 
International Bioscience database of fungal names, and 
from standard texts (10-15). 

Pathogen species were categorized as emerging or 
reemerging based on previously published reviews of the 
literature (1,3), again updated from online sources (6-8). A 
species was regarded as emerging or reemerging if any 
recognized variant fell into this category (e.g., Escherichia 
coli 0157, H5N1 influenza A). 

We considered the following pathogen groups: viruses 
(including prions), bacteria (including rickettsia), fungi 
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(including microsporidia), protozoa, and helminths. We 
did not consider ectoparasites (ticks and lice). Each group 
was further divided into subgroups (families) to test 
whether biases existed in numbers of emerging and 
reemerging species at this level. The viruses were also 
divided according to genome type (e.g., negative single- 
stranded RNA viruses). 

We examined 3 aspects of host range, both for all 
pathogens combined and separately for each of the virus- 
es, bacteria, fungi, protozoa, and helminths. First, we dis- 
tinguished pathogen species according to whether they 
were known to be zoonotic, using the WHO definition 
“diseases or infections which are naturally transmitted 
between vertebrate animals and humans” (16). Note that 
this definition includes pathogens for which humans are 
the main host and other vertebrates are only occasional 
hosts, as well as the opposite, but excludes purely human 
pathogens that recently evolved from nonhuman 
pathogens, e.g., HIV. We then compared the fraction of 
emerging or reemerging species that were or were not 
zoonotic across the major pathogen groups and within each 
group by family. 

Second, for all zoonotic species we identified the types 
of nonhuman vertebrate host they are known to infect, 
using the following broad categories: bats, carnivores, pri- 
mates, rodents, ungulates, and other mammals and non- 
mammals (including birds, reptiles, amphibians, and fish). 
We excluded vertebrate intermediate hosts of parasites 
with complex life cycles. Host types were ranked by the 
number of zoonotic pathogen species associated with 
them, and rankings were compared by using Spearman 
rank correlation coefficient. 

Third, we obtained a crude index of the breadth of host 
range by counting the number of the host types that each 
pathogen species is known to infect: 0 (i.e., not zoonotic), 
1, 2, and 3 or more. We compared the fraction of emerging 
and reemerging species across these 4 classes. 

For the emerging and reemerging pathogen species, we 
identified the main factors believed to drive their increased 
incidence, geographic range, or both, by conducting a sys- 
tematic review of the emerging diseases literature. We 
allocated these drivers to 1 or more broad categories 
(Table). Note that although we chose categories that we 
considered to be useful and informative for our immediate 
purposes, and which were similar to those listed elsewhere 
(5), this is inevitably a subjective procedure and alternative 
categorizations may be equally valid. We then ranked the 
drivers (by number of emerging and reemerging pathogen 
species associated with each) and compared the ranking of 
drivers for the major pathogen groups and for zoonotic 
versus nonzoonotic pathogens. 

For the zoonotic species, we distinguished those known 
to be transmissible between humans, allowing that this 


Table. Main categories of drivers associated with emergence and 
reemergence of human pathogens 
Rank* Driver 

1 Changes in land use or agricultural practices 

2 Changes in human demographics and society 

3 Poor population health (e.g., HIV, malnutrition) 

4 Hospitals and medical procedures 

5 Pathogen evolution (e.g., antimicrobial drug resistance, 

increased virulence) 

6 Contamination of food sources or water supplies 

7 International travel 

8 Failure of public health programs 

9 International trade 

10 Climate change 

*Ranked by the number of pathogen species associated with them (most 
to least). 


might be through an indirect route (e.g., a vector or an 
intermediate host), from those for which humans can only 
acquire infection (directly or indirectly) from a nonhuman 
source. For the transmissible zoonotic species, we further 
distinguished those that are sufficiently transmissible to 
cause major epidemics in human populations from those 
that cause only relatively minor outbreaks. This classifica- 
tion was intended to distinguish between pathogens with 
Rq>1 in humans from those with Rq<1, where Rq is the 
basic reproduction number, i.e., the average number of 
secondary infections produced by a single primary infec- 
tion introduced into a large population of previously unex- 
posed hosts. Direct estimates of Rq are unavailable for 
most zoonotic pathogens. 

Throughout the study, we quantified associations as the 
relative risk (RR) and tested for statistical significance 
using a standard test (with correction for small expect- 
ed values). Although these statistical analyses are suscep- 
tible to bias introduced by related species (e.g., several 
species of hantavirus exist, most of which are zoonotic and 
many of which are regarded as emerging or reemerging), 
the analysis at the family level is an indication of the extent 
of any such bias. 

Results 

The survey of human pathogens produced a count of 
1,407 human pathogen species, with 177 (13%) species 
regarded as emerging or reemerging (online Appendix, 
available at www.cdc.gov/ncidod/EID/volllnol2/05- 
0997_app.htm). Of all pathogen species, 208 are viruses or 
prions, including 77 (37%) regarded as emerging or 
reemerging. For bacteria, the counts were 538 and 54 
(10%), respectively; for fungi, 317 and 22 (7%), respec- 
tively; for protozoa, 57 and 14 (25%), respectively; and for 
helminths, 287 and 10 (3%), respectively. These numbers 
differ slightly from those previously published (1,3) as a 
result of adjustments to taxonomies and the discovery of 
previously unknown pathogen species. Clear differences 
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were found between the pathogen groups = 154.3, 
p«0.001), with viruses greatly overrepresented among 
emerging and reemerging pathogens and helminths under- 
represented. 

Pathogen Taxonomy 

More than 20 virus families contain human pathogens, 
with just 4, the Bunyaviridae, Flaviviridae, Togaviridae, 
and Reoviridae, accounting for more than half of the 
species affecting humans and, likewise, more than half of 
the emerging and reemerging species. Overall, no signifi- 
cant difference was found between the 9 largest families 
(pooling the remainder) in the fraction of species regarded 
as emerging or reemerging (%\ = 14.9, p = 0.09). Nor were 
any significant differences found according to genome 
type, e.g., between RNA and DNA viruses = 0.77, p = 
0.38) or between positive and negative single-stranded 
RNA viruses =3.1, p = 0.08). 

More than 60 bacteria families contain human 
pathogens; the enterobacteria and the mycobacteria account 
for the most species and for the most emerging and 
reemerging species. Overall, no significant difference was 
found between the 6 largest families (pooling the remain- 
der) in the fraction of species regarded as emerging or 
reemerging (%\= 13.6, p = 0.14). Numbers of species of 
emerging and reemerging fungi, protozoa, and helminths 
were too small for meaningful comparisons between fami- 
lies, but no indication was found that emerging and 
reemerging species are concentrated in any particular taxa. 

Host Range 

Of the 1,407 human pathogen species, 816 (58%) are 
known to be zoonotic. In comparison, of the 177 emerging 
or reemerging pathogens, 130 (73%) are known to be 
zoonotic. This corresponds to an RR of 2.0 and confirms 
the expectation that zoonotic pathogens are disproportion- 
ately likely to be associated with emerging and reemerging 
infectious diseases. This pattern varies somewhat across 
the different pathogen groups: for bacteria and fungi the 
association is strongest with RRs of 4.0 and 3.2, respec- 
tively; for viruses and protozoa, no obvious association 
was found, with RRs of 1.2 and 0.9, respectively; and for 
helminths (which are almost all zoonotic but very rarely 
emerging or reemerging), RR is 0.3. However, the num- 
bers involved are small (particularly for protozoa and 
helminths), and these differences were not statistically sig- 
nificant (X^ 4 = 4.03, p = 0.40). 

All the defined host types are potential sources of 
zoonotic infections, but differences occurred in their impor- 
tance (ranked by number of pathogen species supported) 
across viruses, bacteria, fungi, protozoa, and helminths and 
no 1 type consistently dominates (Figure lA), although 
ungulates are the most important overall, supporting over 



Unguiaies Carnivores Rodents Nonnnammals Pnmates Other Bats 

Mammals 



Ungulates Carnivores Rodents Nonmammals Pnmates Other Bats 

Mammals 


Figure 1 . Numbers of species of zoonotic pathogens associated 
with different types of nonhuman host. Note that some pathogens 
are associated with >1 host. A) All zoonotic species. B) Emerging 
and reemerging zoonotic species only. 


250 species of human pathogen. Emerging and reemerging 
pathogens show similar trends (Figure IB), with ungulates 
again the most important overall, supporting over 50 
species. In general, ranking of host types in terms of num- 
bers of species correlates well both overall (r^ = 0.79, n = 
7, p<0.05) and individually for each pathogen group. The 
general impression is that the emerging and reemerging 
zoonotic pathogens are not unusual in the types of nonhu- 
man hosts they infect. 

However, when the fraction of emerging and reemerg- 
ing species is compared with the breadth of host range (as 
the number of host types other than humans), a pattern 
becomes apparent (Figure 2). Overall, the fraction tends to 
increase with host range: >40% of pathogens with the 
broadest host ranges (3 or more types of nonhuman host) 
are emerging or reemerging (exact p = 0.042). However, 
this trend does not hold for the protozoa and helminths 
(although the numbers for these groups are small). 

Drivers of Emergence 

We identified 10 main categories of drivers of emer- 
gence and reemergence and ranked these by the total num- 
ber of pathogen species associated with them (Table). The 
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No. host types 

Figure 2. Relationship between breadth of host range (as number 
of nonhuman host types, as listed in Figure 1) and the fraction of 
pathogen species regarded as emerging or reemerging. A total of 
122 zoonotic species (10 of them emerging or reemerging) for 
which the host range is unknown are omitted. 


ranking of drivers across different categories of pathogen 
showed poor concordance (e.g., Spearman rank correlation 
for bacteria vs. viruses, r^ = 0.41, n = 10, p = 0.24). The 
most striking discrepancies were as follows: 1) the marked 
association of emerging or reemerging fungi with hospital- 
ization, poor population health, or both; 2) the greater 
importance of pathogen evolution and contaminated food 
and water and the lesser importance of international travel 
and changes in land use and agriculture for bacteria in 
comparison with viruses; 3) the greater importance of 
changing land use and agriculture for zoonoses than for 
nonzoonoses. 

Transmissibility 

Overall, most zoonotic pathogens are either not trans- 
missible (directly or indirectly) between humans at all (i.e., 
humans are a dead-end host) or are only minimally trans- 
missible. Examples include rabies virus. Rift Valley fever 
virus, and Borrelia burgdorferi (the agent of Lyme dis- 
ease). A small minority (~10%) of pathogen species that 
are technically zoonotic are, in fact, spread almost exclu- 
sively from person to person (e.g., Mycobacterium tuber- 
culosis or measles virus) or can do so once successfully 
introduced from a nonhuman source (e.g., some strains of 
influenza A, Yersinia pestis, or severe acute respiratory 
syndrome (SARS) coronavirus). However, a substantial 
minority of zoonotic pathogens (about 25%, i.e., 200 
species) are capable of some person-to-person transmis- 
sion but do not persist without repeated reintroductions 
from a nonhuman reservoir (e.g., E. coli 0157, 
Trypanosoma brucei rhodesiense, or Ebola virus). This 
pattern is fairly consistent across the major pathogen 
groups. 


Discussion 

Humans are affected by an impressive diversity of 
pathogens; 1,407 pathogenic species of viruses, bacteria, 
fungi, protozoa, and helminths are currently recognized. 
Of this total, 177 (13%) pathogen species are considered 
emerging or reemerging. This number must be viewed 
with some caution, given that these terms are still used 
somewhat subjectively. More rigorous definitions of 
emerging and reemerging have been proposed (5,17,18), 
but these are difficult to apply universally because they 
require long-term data on distributions and incidences 
which are available for only a small subset of infectious 
diseases (e.g., malaria [19] and tuberculosis [20]). 
Moreover, the counts of emerging and reemerging 
pathogen species reported here are subject to ascertain- 
ment bias. Despite these caveats, our results suggest that 
pathogens associated with emerging and reemerging dis- 
eases share some common features. 

Eirst, emerging and reemerging pathogens are dispro- 
portionately viruses, although they are not disproportion- 
ately different kinds of viruses. Numerically, RNA viruses 
dominate, comprising 37% of all emerging and reemerging 
pathogens. RNA viruses are also prominent among the 
subset of emerging pathogens that have apparently entered 
the human population only in the past few decades, such as 
HIV or the SARS coronavirus (21,22). A possible explana- 
tion for this observation is that much higher nucleotide 
substitution rates for RNA viruses permit more rapid adap- 
tation, greatly increasing the chances of successfully 
invading a new host population (21,22). 

Second, emerging and reemerging pathogens are not 
strongly associated with particular nonhuman host types, 
although emerging and reemerging pathogens more often 
are those with broad host ranges that often encompass sev- 
eral mammalian orders and even nonmammals. This pat- 
tern is consistent across the major pathogen groups. The 
determinants of host range in general remain poorly under- 
stood, but among viruses for which the cell receptor is 
known, an association exists between host range and 
whether the receptor is phylogenetically conserved (as 
measured by the homology of the human and mouse amino 
acid sequences) (23). 

Emerging and reemerging pathogens have been likened 
to weeds (24), and that the associations reported above are 
likely reflecting underlying “weediness,” that is, a degree 
of biologic flexibility that makes certain pathogens adept 
at taking advantage of new epidemiologic opportunities. 
This characteristic seems to be reflected in the broad range 
of drivers of the emergence or reemergence of pathogens, 
ranging from changes in land use and agriculture, through 
hospitalization to international travel. Although some driv- 
ers are numerically more important than others, the overall 
impression is that pathogens are exploiting almost any 
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change in human ecology that provides new opportunities 
for transmission, either between humans or to humans 
from a nonhuman source. 

Even if a pathogen is capable of infecting and causing 
disease in humans, most zoonotic pathogens are not high- 
ly transmissible within human populations and do not 
cause major epidemics. The possible magnitude of an 
infectious disease outbreak is related to the basic reproduc- 
tion number, Rq (Figure 3). For pathogens that are mini- 
mally transmissible within human populations (Rq close to 
0), outbreak size is determined largely by the number of 
introductions from the reservoir. For pathogens that are 
highly transmissible within human populations (Rq»1), 
outbreak size is determined largely by the size of the sus- 
ceptible population. For pathogens that are moderately 
transmissible within human populations (corresponding to 
7?o~l), notable outbreaks are possible (especially if multi- 
ple introductions occur), but the scale of these outbreaks is 
very sensitive to small changes in Rq. In other words, small 
changes in the nature of the host-pathogen interaction can 
lead to large increases (or decreases) in the scale of the 
public health problem (Figure 3). Such pathogens may be 
likely sources of emerging infectious disease problems in 
the future. However, we currently have no way of predict- 
ing whether a novel human pathogen will behave like 
rabies (frequently introduced into the human population, 
but not capable of causing major epidemics) or HIV (prob- 
ably rarely introduced, but capable of causing a global 



Figure 3. Expected relationship between outbreak size (as fraction 
of the population affected) and 2 key epidemiologic parameters: Iq 
is the number of primary cases of infection introduced into the 
human population from an external source such as a zoonotic 
reservoir (increasing in the direction indicated); Rq is the basic 
reproduction number, a measure of the transmissibility of the infec- 
tion with the human population (see text). The curves are obtained 
from a modified version of the Kermack-McKendrick equation and 
show that expected outbreak size is particularly sensitive to small 
changes in Iq or Rq when Rq is close to 1 . Examples of zoonotic 
pathogens with RQ >^ , RQ<^ and Rq close to 1 are shown. RIVF, Rift 
Valley fever virus. (Reprinted with permission from [23]). 


pandemic). 

In conclusion, this study suggests that biologic and epi- 
demiologic correlates of pathogen emergence or reemer- 
gence may be identified. However, the most striking 
feature of emerging and reemerging pathogens is their 
diversity (online Appendix). For this reason, surveillance 
and monitoring of infectious disease trends may have to be 
broadly targeted to be most effective. Given that three- 
fourths of emerging and reemerging pathogens are zoonot- 
ic, in many cases this targeting might usefully be extended 
beyond at-risk human populations to include populations 
of potential animal reservoirs. 
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Person-to-Person Transmission 
of Andes Virus 

Valeria P. Martinez,* Carla Bellomo,* Jorge San Juan,t Diego Pinna, ^ Raul Forlenza,§ Malco Elder,^ 

and Paula J. Padula* 


Despite the fact that rodents are considered to be the 
infectious source of hantavirus for humans, another route 
of transmission was demonstrated. Andes virus (ANDV) 
has been responsible for most of the cases recorded in 
Argentina. Person-to-person transmission of ANDV Sout 
lineage was described during an outbreak of hantavirus 
pulmonary syndrome in southwest Argentina. In this study, 
we analyzed 4 clusters that occurred in 2 disease-endemic 
areas for different ANDV lineages. We found new evidence 
of interhuman transmission for ANDV Sout lineage and 
described the first event in which another lineage, ANDV 
Cent BsAs, was implicated in this mechanism of transmis- 
sion. On the basis of epidemiologic and genetic data, we 
concluded that person-to-person spread of the virus likely 
took place during the prodromal phase or shortly after it 
ended, since close and prolonged contact occurred in the 
events analyzed here, and the incubation period was 
1 5-24 days. 

T he genus Hantavirus is a growing group of rodent- 
borne viruses of worldwide distribution that cause 
human diseases. Hantavirus is the only genus of the fami- 
ly Bunyaviridae, which comprises rodentborne viruses. 
Specific species of rodents are natural reservoirs for differ- 
ent hantavirus types. In America, hantaviruses are mainly 
carried by sigmodontine rodents. Hantavirus pulmonary 
syndrome (HPS) was first described in North America in 
1993 (1,2), and then reported in several other countries of 
North, Central, and South America (3-9). Andes virus 
(ANDV) was characterized in Argentina in 1995 on the 
basis of specimens from a patient who died of HPS (3,10), 


*lnstituto Nacional de Enfermedades Infecciosas ANUS “Dr. C.G. 
Malbran,” Buenos Aires, Argentina; fHospital de Infecciosas “F.J. 
Muniz,” Buenos Aires, Argentina; fHospital Privado de La 
Comunidad, Mar del Plata, Argentina; §Direcci6n de 
Epidemiologia del Gobierno de la Ciudad de Buenos Aires, 
Buenos Aires, Argentina; UDireccion de Epidemiologia de la 
Provincia Neuquen, Neuquen, Argentina. 


and Andes virus has been responsible for most HPS cases 
recorded in Argentina, Chile, and Uruguay (7). 

Six different ANDV lineages have been reported to 
cause HPS in Argentina: ANDV Sout in the southwest 
region; ANDV Cent BsAs, ANDV Cent Lee, and ANDV 
Cent Plata in the central region; and ANDV Nort Oran and 
ANDV Nort Bermejo in the northwest region. The defini- 
tion of these 6 lineages was previously established on the 
basis of nucleotide and amino acid differences (7,9). 
Although rodents are considered to be the infectious 
source for humans, another route of infection was demon- 
strated. Viral person-to-person transmission of ANDV 
Sout lineage was described for the first time during an HPS 
outbreak in southwest Argentina in 1996, in which 16 per- 
sons were involved (11-13), but in general, clusters of 
HPS cases are mainly attributed to a common source of 
rodent exposure. This mechanism of interhuman virus 
spread, which makes ANDV unique among the hantavirus- 
es, is not the only exclusive feature of this virus. ANDV 
was the only American hantavirus isolated from human 
serum (14). Most importantly, ANDV was shown to be 
highly lethal in Syrian hamsters, and the characteristics of 
the disease closely resembled HPS in humans (15). Similar 
results have been recently obtained with Maporal virus 
(16). 

We analyzed 4 case clusters of hantavirus infection and 
present new evidence for interhuman transmission of 
ANDV Sout lineage. We also describe the first event in 
which another lineage, ANDV Cent BsAs, has been impli- 
cated in this rare but already proven route of transmission. 

Materials and Methods 

Study Population 

Thirteen HPS cases that occurred during the second 
half of 2002 in Argentina were analyzed in this study 
(Table 1). Cases were grouped in 4 clusters (C1-C4) 
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Table 1 . Hantavirus pulmonary syndrome patients and their epidemiologic relationships, Argentina, 2002* 


Cluster/patient 

Age, y 

Date of onset 

Date of death 

Residence 

Probable place of infection or risk activity 

Cl-f 

41 

7/1 0/02 

7/1 6/02 

BA City 

Farm in LP (BA) 

Cl-s 

14 

8/8/02 


BA City 

Spent weekend at his father’s house 






(Jul 13-14/02) 

C2-d1 

12 

7/24/02 

7/29/02 

LP, rural area, (BA). 

El Peligro neighborhood. 

Home 

C2-d2 

11 

7/28/02 


LP, rural area, (BA). 

El Peligro neighborhood. 

Home 

C2-S 

NA 



LP, rural area, (BA). 

El Peligro neighborhood. 

Home 

C2-m 

40 

8/04/02 

8/1 5/02 

LP, rural area, (BA). 

El Peligro neighborhood. 

Home 

C3-1 

28 

8/26/02 


LP, rural area, (BA). 
Abasto neighborhood. 

Home 

C3-2 

27 

8/29/02 


LP, rural area, (BA). 
Abasto neighborhood. 

Home 

C3-3 

21 

9/1 0/02 


LP, rural area, (BA). 
Abasto neighborhood. 

Home 

C3-4 

30 

9/1 4/02 


LP, rural area, (BA). 
Abasto neighborhood. 

Home 

C4-a 

39 

11/21/02 


Cl (RN) 

Visited VA (NQ), Oct 20-30/02 

C4-b 

58 

12/08/02 


MP (BA) 

Traveled by bus with C4-a from MP to NQ 






(11/23/02) 

C4-C 

38 

12/31/02 

1/02/03 

MP (BA) 

Several contacts with C4-b 

NL-1 

17 

10/27/98 


LP (BA) 

Rural worker 

NL-2 

42 

11/7/02 

11/14/02 

VA (NQ) 

Rural worker, bitten by a rodent 9 days 






before the onset of symptoms 

NL-3 

22 

12/8/02 


VA (NQ) 

Rural worker 

NL-4 

31 

12/19/97 


LO (NQ) 

Housekeeper 

NL-5 

56 

12/02/99 

12/08/99 

SM (NQ) 

Rural worker 

*BA, Buenos Aires; NL, nonlinked cases; LP, La Plata City; NA, not available; Cl, Cipolletti City; RN, Rio Negro Province; NQ, Neuquen; MP, Mar del 
Plata City; VA, Villa La Angostura City; LO, Loncopue City; SM, San Martin de los Andes City; NA, not available. 


according to their known epidemiologic relationships. 
Samples from 12 of the 13 case-patients were available: 
we collected serum and clot samples from almost all 
patients; from patient C4-a, clot samples could not be 
obtained; from patient C2-dl, a hemoculture was available 
after death. A sample from the son in cluster 2 (C2-s) was 
not available. Serologic confirmation was performed on 11 
serum specimens and on the hemoculture samples as pre- 
viously described (17). 

Genetic Characterization 

Ten clot samples and 1 serum sample were subjected to 
viral detection methods as described (7). For viral genetic 
characterization, a partial fragment of G2-encoding region 
from the M segment was analyzed: genomic positions 
2717-2943 (G2). For cases sharing 100% nucleotide iden- 
tity in G2 fragment, 1 or 2 additional regions were ana- 
lyzed: positions 66^34 from G1 -encoding region (Gl); 
positions 1384-1795 for C4 and 1395-1809 for Cl from 
the S -noncoding region (S-NCR). All fragments were 
numbered in the antigenome- sense sequence relative to 
ANDV. The new sequences used in this manuscript have 
been submitted to GenBank (accession nos. 
DQ189092-DQ1 89095). 


Results 

Epidemiologic Findings 

The cases were grouped into 4 clusters (Table 1), and 
the approximate geographic locations of the exposure sites 
are shown in Figure 1. Cluster 1 (Cl) was a father-son pair 
(Cl-f and Cl-s). The first patient, Cl-f, was a previously 
healthy veterinarian. He worked on a farm >65 km away 
from his home. He began working there 40 days before the 
onset of symptoms. He slept at the farm during the week 
and returned to his home on weekends. The first manifes- 
tation of his illness, abdominal pain and vomiting, began 
on a Wednesday. On the Friday of that week, he exhibited 
typical indistinguishable features of the prodromal phase. 
The following weekend, he remained in his house with his 
2 sons. Although he was very ill, his younger son slept 
with him in the same bed; at that time, the prodromal phase 
was ending, since on the next Monday he began to experi- 
ence progressive dyspnea. He sought medical attention but 
proceeded rapidly to pulmonary edema and shock. He died 
on Wednesday. His 2 sons had never visited his place of 
work, and they lived with their mother in another house in 
the city of Buenos Aires. Epidemiologists from Buenos 
Aires City reported that both houses were in urban areas. 
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Figure 1 . Location of residences and possible sites of exposure of 
hantavirus pulmonary syndrome patients in the provinces of 
Buenos Aires and Neuquen and Andes virus (ANDV)-endemic 
regions, 2002. 


were in very good condition, and showed no evidence of 
rodents. Twenty-four days after the last contact with his 
sick father, fever developed in the younger son (Cl-s) 
(Figure 2). Once immunoglobulin M antibodies to han- 
tavirus was confirmed, he was hospitalized. 

Cluster 2 (C2) was a rural cluster within a family of 5 
that lived in a cabin. Rodent infestation of the house and 
surrounding areas was evident. The onset of symptoms of 
3 of the 4 case-patients occurred during a 12-day period 
(Table 1). The mother in C2 (C2-m) began having symp- 
toms when HPS was already confirmed in her 2 daughters 
(C2-dl and C2-d2), but she did not seek medical consulta- 
tion until 5 days later, when she was hospitalized and died. 

Cluster 3 (C3), a rural cluster composed of 4 friends 
(cases C3-1 to C3-4), was similar to the previous cluster 
since all became ill during a period of 20 days (Table 1). 
They lived together in a cabin within the farm where they 
worked. Rodent infestation of the house and surrounding 
areas was also evident. 

Cluster 4 (C4) involved a case-patient (C4-a) and a per- 
son he came into contact with (C4-b), and a third person 
who came into contact with C4-b. The index patient lived 
and worked in Neuquen City, where neither HPS cases nor 
rodent infestation had been registered. He traveled to Mar 
del Plata in the province of Buenos Aires, 1,005 km north- 
east of Neuquen City, where he remained for a few days 
while attending a meeting. His first symptoms (fever and 
myalgia) began before his return to Neuquen from Mar del 
Plata, 23 days after he returned from a vacation in Villa La 
Angostura, a small town surrounded by a wilderness area, 
447 km southwest of Neuquen City (Figure 1). Two HPS 
cases were reported in 2002, and several infected rodents 
were captured previously. During the case-patient’s 14- 
hour bus trip from Mar del Plata to Neuquen, he sat next a 
man he did not know (C4-b). During the trip, a nonproduc- 
tive cough, dyspnea, tachypnea, and headache developed. 


and myalgia worsened. After their arrival in Neuquen, 
patient C4-b helped patient C4-a with his luggage and 
shared a taxicab with him. Patient C4-a was hospitalized 
24 hours later. Patient C4-b spent 2 days in Neuquen (he 
never left the city). Fifteen days after the 14-hour bus trip 
to Neuquen City, patient C4-b became ill. He first experi- 
enced weakness and myalgia; vomiting and diarrhea 
developed 2 days later, and fever developed 6 days after 
the onset of the first symptoms. C4-b met a friend and co- 
worker (C4-c) 3 times during his prodromal phase; C4-c 
visited C4-b while he was hospitalized (Figure 2). 
Although C4-b did not have respiratory clinical symptoms, 
the chest radiograph showed interstitial infiltrates and 
Kurley B lines, and he had severe hypoxemia. The major 
clinical manifestations were weakness, gastrointestinal ill- 
ness, and myalgia. An epidemiologic investigation led cli- 
nicians to suspect HPS. C4-C began to exhibit the first HPS 
symptoms 22 days after C4-b. C4-c had never left the 
province of Buenos Aires. 

Viral Characterization 

Nucleotide sequence comparisons of G2 fragment 
between sequences from the 11 cases, 5 nonlinked (NL) 
cases, and 5 previously published ANDV lineages are 
shown in Table 2. Comparisons in each of the 4 clusters 
showed 100% identity between cases in the same cluster. 
ANDV Cent BsAs lineage was characterized from Cl, C2 
(2/4 cases), and C3, while ANDV Sout was characterized 
from the 3 C4 cases, although C4-3 had never been to the 
southwestern part of the country. The 3 clusters from La 
Plata and NL-1 showed the highest similarity between 
them and showed significant differences with HPS cases 
from other places in Buenos Aires (Table 1). 

Assessment of the Route of Transmission 

Rodent transmission is the most common route of han- 
tavirus infection. However, when a new HPS case is sus- 
pected, if rodent exposure was not evident, for interhuman 
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Figure 2. Contact events and incubation period of hantavirus pul- 
monary syndrome patients, Argentina, 2002. One line was drawn 
per case for C1 and C4; dotted lines represent the incubation peri- 
od since the established moment of contact between contiguous 
case-patients. The onset of illness for each patient is indicated by 
day 0. Triangles indicate contacts between patients. II indicates 
day of death. 
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Table 2. Andes virus (ANDV) lineage identification by comparison of nucleotide sequence identity percentages between hantavirus 
pulmonary syndrome clustered cases and previously reported ANDV lineages* 



ANDV 

ANDV 

ANDV 


ANDV 

ANDV 











Cent 

Cent 

Cent 

ANDV 

Nort 

Nort 


C2- 

C3- 

C4-a/b 







Plata 

Lech 

BsAs 

Sout 

Oran 

Berm 

Cl-f/s 

dl/m 

1/2/3 

/c 

NL-1 

NL-2 

NL-3 

NL-4 

NL-5 

ANDV Cent 
Plata 


87.61 

82.3 

84.96 

85.4 

85.84 

80.53 

80.97 

80.97 

83.19 

81.42 

83.19 

85.4 

82.74 

82.74 

ANDV Cent 
Lech 



82.74 

82.3 

84.51 

88.05 

83.19 

82.74 

82.74 

80.53 

84.07 

80.53 

82.74 

80.9 

81.42 

ANDV Cent 
BsAs 




80.97 

84.07 

81.86 

94.69 

95.58 

95.58 

83.3 

95.13 

83.3 

81.42 

81.42 

81.86 

ANDV Sout 





84.86 

80.97 

81.42 

80.97 

80.97 

96.02 

81.86 

96.02 

98.67 

94.69 

95.58 

ANDVNort 






85.84 

84.07 

82.74 

82.74 

82.3 

84.07 

82.3 

85.4 

85.4 

81.86 

ANDV Berm 







82.3 

81.42 

81.42 

80.09 

82.74 

80.09 

82.3 

82.3 

79.65 

Cl-f/s 








97.35 

97.35 

82.74 

97.79 

82.74 

82.3 

81.86 

82.3 

C2-d1/m 









100 

82.3 

98.67 

82.3 

81.86 

81.42 

81.86 

C3-1/2/3 










82.3 

98.67 

82.3 

81.86 

81.42 

81.86 

C4-a/b/c 











83.19 

100 

95.58 

93.36 

99.56 

NL-1 












83.19 

82.74 

82.3 

82.74 

NL-2 













95.58 

93.36 

99.56 

NL-3 














95.13 

95.13 


NL-4 92.92 

NL-5 

*Comparisons were made on 226 nucleotides from the G2-coding region. 


transmission to be suspected, one must 1) find a epidemi- 
ologic link with a previous case-patient (index case- 
patient); 2) confirm 100% viral nucleotide identity with the 
index patient in the fragments analyzed; and 3) assuming 
that the secondary patient could have been exposed to 
infectious rodents in the same or a different place than the 
index patient, determine the probability that both viral 
strains have 100% nucleotide identity in the fragments 
analyzed. 

In Cl, only Cl-f had an evident rodent exposure. The 
only risk for Cl-s was the close contact with Cl-f during 
his prodromal phase. In C4, only C4-a had an evident risk 
of rodent transmission because he had visited a disease- 
endemic area. The only risky activity of C4-b was close 
contact with C4-a during the 14-hour bus trip. C4-c was in 
contact with C4-b at several times after the latter returned 
from Neuquen. All nucleotide fragment comparisons 
showed 100% identity for Gl, G2, and S-NCR for Cl and 
C4. We analyzed viral variability in the areas of circulation 
of AND Cent Bs As and ANDV Sout lineages by compar- 
ing viral nucleotide sequences from previous HPS cases 
and found a positive correlation between geographic dis- 
tance and genetic distance for each ANDV lineage (data 
not shown). Each ANDV lineage showed a significant 
degree of variability between the supposed sites of expo- 
sure in Cl for Cl-f and Cl-s and in C4 for C4-a and C4-b. 
In summary, Cl-s, C4-b, and C4-c were infected by inter- 
human transmission. 

Discussion 

From July to December 2002, 31 HPS cases were 
reported in Argentina, 13 of which were included in this 


study because they occurred as linked cases grouped in 4 
clusters. Three of these clusters occurred in the province of 
Buenos Aires, where previous cases were isolated and spo- 
radic (18). This is the first report of grouped HPS cases in 
this province. In contrast, such an occurrence is not rare in 
southern Argentina, where several clusters have been 
detected since the first HPS case was described in 1995. 
Three of these previous clusters occurred in the province 
of Neuquen. In the present study, we described 3 events of 
interhuman transmission: Cl-f to Cl-s, C4-a to C4-b, and 
C4-b to C4-C. Besides the complete identity of the frag- 
ments analyzed in each cluster, we conclude this mecha- 
nism took place based on the following facts: for Cl, only 
Cl-f was exposed to rodent infection in his work place (La 
Plata), and Cl-s did not visit Cl-f’s work place. Similarly, 
in C4, C4-a was the only one of the 3 case-patients with 
epidemiologic risk of infection by rodent exposure during 
his vacation in Villa La Angostura. C4-b spent 2 days in 
Neuquen City, where HPS cases have never been reported. 
C4-C, who never left the province of Buenos Aires, could 
not have been infected by an endemic lineage from a place 
1,300 km distant. Furthermore, 100% nucleotide identity 
was found between the C4 strain and NL-2, which con- 
firmed the hypothesis that C4-a was exposed to ANDV in 
Villa La Angostura. In conclusion, C4 showed 2 links of 
the same chain of transmission. Notably, short or long peri- 
ods between patients’ onset of illness probably correspond 
to clusters with a common source of infection (C2) or to 
the occurrence of human transmission (Cl and C4) (Figure 
2). The identical viral sequence in different HPS cases 
might be explained by exposure to the same viral variant 
within the local rodent populations, or in special situations. 
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by vims spread from person to person. Genetically differ- 
entiating between these 2 mechanisms of transmission is 
not possible in a small area, as in C2 and C3. However, 
geographically distant patients rarely share identical viral 
sequences; in these situations, if epidemiologic relation- 
ships between patients are shown, suspecting interhuman 
transmission is reasonable, as in Cl and C4. 

This is the first report in which a lineage other than 
ANDV Sout, that is, ANDV Cent BsAs, was implicated in 
person-to-person transmission. This finding is relevant 
because ANDV Cent BsAs was responsible for most HPS 
cases in the province of Buenos Aires (18). Furthermore, 
the possibility that the other lineages can be spread by this 
mechanism cannot be discarded, and such an event could 
be expected in any of the 3 affected regions. A well-done 
epidemiologic investigation around each case is essential 
to accurately establish the mechanism of infection. The 
incubation period was 15 days for C4-b, and ranged from 
24 to 26 days for Cl-s and 18 to 22 days for C4-c. 
However, the oldest son of Cl-f did not become infected, 
and taking into account that Cl-s rested with Cl-f in the 
same bed during the end of the prodromal phase, we spec- 
ulate that close and prolonged contact is necessary to pro- 
duce the infection. In C4, a unique close contact was 
established between 2 previously unknown persons, C4-a 
and C4-b, while C4-a exhibited early clinical manifesta- 
tions of respiratory disease. In this event, the unique route 
of transmission was by means of small-particle infectious 
saliva or respiratory aerosols during the close contact 
between both persons, since C4-b was the only passenger 
of the bus in whom the illness developed. Recent experi- 
mental studies with sigmodontine rodents hosting ANDV 
investigated the hypothesis that saliva was one of the 
sources of infection within reservoir populations (19). 

In summary, virus transmission from one person to 
another likely occurs during the prodromal phase or short- 
ly after it ends. Previously published reports of person-to- 
person transmission did not provide details of clinical 
manifestation at the moment of contact, but several infec- 
tions occurred while some HPS patients were initially hos- 
pitalized; other patients contracted the infection after being 
in contact with a recently symptomatic case-patient (12). 
Current evidence indicates that casual contacts with a per- 
son in early stages of HPS are not risky, but special consid- 
eration should be given to contacts with case-patients that 
occurred in confined places such as within vehicles or 
some work environments. 

Since interhuman transmission of ANDV occurred in 
Argentina in 1996, the major question that clinicians have 
been facing is what to do about personal protection and 
patient isolation. The answer to physicians likely to 
encounter HPS patients is to follow the recommended 


universal precautions. However, the findings presented 
here suggest that the most probable period of virus spread 
would be during the days before medical attention is 
sought. For this reason, the family or those who had close 
contact with an HPS patient during the prodromal phase 
seem to have more risk of interhuman infection than do cli- 
nicians. In the management of contacts of HPS cases 
caused by ANDV, epidemiologists usually give more rele- 
vance to serologic tests than to clinical surveillance. 
Whether serologic tests on specimens from asymptomatic 
contacts are worthwhile should be determined. Such 
results are usually misinterpreted since a negative serolog- 
ic test result does not mean that the contact could not be 
incubating the infection, and a few days later, HPS symp- 
toms could develop. This negative serologic result usually 
leads to delay in medical consultation. In our opinion, a 
strict clinical surveillance would be more valuable: con- 
tacts of HPS patients need to be monitored and advised to 
immediately look for medical evaluation as soon as fever 
or any other prodromal symptom develops. In this circum- 
stance, a fast laboratory diagnosis is essential so virus 
spread can be avoided and early intensive care and treat- 
ment initiated. Patients with a confirmed diagnosis should 
be transferred to a unit skilled in intensive cardiopul- 
monary care. A previous study suggests that the earlier a 
patient is hospitalized, the higher the probability of sur- 
vival (20). Unfortunately, effective vaccines, immunother- 
apeutic agents, and antiviral drugs for the prophylaxis or 
treatment of hantaviral infections are not available (21); 
thus far, results have been inconclusive regarding the use- 
fulness of intravenous ribavirin in treating HPS (22). 

Further studies will be necessary to understand more 
about this rare mechanism of virus spread. More informa- 
tion of virus variability of all the ANDV lineages will also 
help differentiate an instance of common rodent exposure 
from a new event of person-to-person transmission, espe- 
cially in patients with a travel history. 
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To study European bat lyssavirus (EBLV) in bat reser- 
voirs in the Netherlands, native bats have been tested for 
rabies since 1984. For all collected bats, data including 
species, age, sex, and date and location found were 
recorded. A total of 1,219 serotine bats, Eptesicus seroti- 
nus, were tested, and 251 (21%) were positive for 
lyssavirus antigen. Five (4%) of 129 specimens from the 
pond bat, Myotis dasycneme, were positive. Recently 
detected EBLV RNA segments encoding the nucleoprotein 
were sequenced and analyzed phylogenetically (45 speci- 
mens). All recent serotine bat specimens clustered with 
genotype 5 (EBLV1) sequences, and homologies within 
subgenotypes EBLVIa and EBLVIb were 99.0%-100% 
and 99.2%-100%, respectively. Our findings indicate that 
EBLVs of genotype 5 are endemic in the serotine bat in the 
Netherlands. Since EBLVs can cause fatal infections in 
humans, all serotine and pond bats involved in contact inci- 
dents should be tested to determine whether the victim was 
exposed to EBLVs. 

E uropean bat lyssaviruses (EBLVs) belong to the 
Lyssavirus genus of the Rhabdoviridae family and 
form a group of negative single- stranded RNA viruses with 
an almost worldwide distribution. The genus Lyssavirus 
can be divided into 7 genotypes, including EBLVl as 
genotype 5 and EBLV2 as genotype 6 (1). EBLVs have 
been demonstrated in several bat species, and more bat 
species may be susceptible. The bite of an EBLV-infected 
bat may cause fatal encephalitis in humans; 4 fatal human 
cases have been reported. Three of the 4 viruses were 
typed genetically to be definitely EBLV (2). The most 
recent case was a 56-year-old bat worker in Scotland who 
was thought to have been bitten on his hand by a 
Daubenton’s bat (3). Therefore, bat rabies is considered a 
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public health threat in countries where these viruses are 
endemic in bats. In the Netherlands, genotype 1 lyssavirus- 
es were eradicated in the early 1990s, but EBLVs are 
endemic in several bat species; the serotine bat, Eptesicus 
serotinus, is considered the main reservoir of rabies in this 
country. If possible, bats involved in contact incidents are 
sent to the Central Institute for Animal Disease Control 
(CIDC), Lelystad, to be tested for lyssavirus. Rabies diag- 
nosis is always performed within 24 hours and if neces- 
sary, rabies postexposure prophylaxis is administered to 
the patient according to World Health Organization recom- 
mendations. 

To provide a picture of rabies incidence and distribution 
in native bat species in the Netherlands, data for bats test- 
ed for lyssavirus antigen at CIDC-Lelystad were collected 
and analyzed. To characterize the circulating EBLVs, 
reverse transcription-polymerase chain reaction (RT-PCR) 
amplification products of EBLV RNA were sequenced and 
analyzed phylogenetically. 

Materials and Methods 

Bat Specimens and Bat Data 

In the Netherlands, surveillance of lyssaviruses in bats 
is ongoing. In 1984, it became mandatory to submit bats 
caught by animals or bats that were unable to fly to the 
CIDC-Lelystad Department of Virology for lyssavirus 
antigen testing. After 1987, surveillance began nationwide; 
since 1994, mainly bats involved in contact incidents and 
suspected of rabies infection have been submitted for test- 
ing. As part of this surveillance, from 1984 to 2003, brain 
tissue samples were collected from all submitted bats. 
Each year, >100 of these animals were tested for lyssavirus 
antigen. The locations where the bats were found were 
plotted by using 5x5 km grid allocations. In addition to 
location and date found, species, sex, and age were deter- 
mined and recorded (by RH.C.L.). 
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The number of EBLV-positive bats was described by the 
binomial distribution prevalence that was specific to each 
sex-age group. This distribution produced a sequence of 
nested binomial models to test the effect of adding an extra 
group- specific prevalence to a simpler model by the likeli- 
hood ratio test. If the resulting deviance was greater than 
the 95th percentile of the chi-square distribution with 1 
degree of freedom, the prevalence of the sex-age group was 
considered to be significantly different from the others. 

Detection of Lyssavirus Antigen 

Detection of lyssavirus antigen was performed by stan- 
dard fluorescent antibody test (FAT) as described (4), with 
modifications, using polyclonal fluorescein isothio- 
cyanate-labeled rabbit anti-rabies nucleocapsid 
immunoglobulin G (IgG) (Diagnostics Pasteur, Marnes-la- 
Coquette, France). Positive controls, brain tissue smears 
from mice infected with genotypes 1 and 5 field virus, 
were incorporated in each test run. Duplicate smears were 
carefully and completely checked for fluorescence. From 
1997 to 2003, all test results that were positive by FAT (n 
= 45) were confirmed by RT-PCR and sequenced. 

RT-PCR Analyses 

To amplify EBLV-specific RNA, brain tissue samples 
(3 mm^) were put in 0.5 mF RNA extraction buffer. The 
RNA extraction was performed by using TRIzol 
(Invitrogen Fife Technologies, Merelbeke, Belgium) 
according the manufacturer’s protocol. TRIzol was added 
to the brain tissue sample to a total volume of 1.0 mF. RT- 
PCR amplification was performed as described (5). Primer 
selection and Southern blot hybridizations of RT-PCR 
products were performed as described (6). To characterize 
the EBLVs, RT-PCR amplification products of all FAT- 
positive samples collected from 1997 to 2003 were con- 
firmed by RT-PCR and sequenced later. 

EBLV RNA Sequence Analyses 

Direct sequencing of the RT-PCR- amplified products of 
a 566-nucleotide (nt) fragment coding for the amino termi- 
nus of the nucleoprotein of EBLV and analyses of the 
nucleotide sequences were performed as described (7). 
This part of the genome was used to enable a comparison 
with sequences described by other lyssavirus researchers 
in Europe (7). PCR fragments were purified by QIAquick 
Purification Kit (Qiagen, Hilden, Germany) and then 
sequenced directly on both strands. Sequencing was per- 
formed on a Biosystems (ABI) 3700 DNA automated 
sequencer (Perkin Elmer- Applied Biosystems, Foster City, 
CA, USA) by using fluorescent dye-labeled dideoxynu- 
cleo terminators (BigDye Terminator Cycle Sequencing 
Ready Reaction, Perkin Elmer-Applied Biosystems, 
Warrington, UK). Nucleotide sequences were edited by 


using Seq Ed (VI. 03, Applied Biosystems), and aligned 
using Bionumerics (V2.5) (Applied Maths, Kortrijk, 
Belgium). To compare detected and historic sequences, 
phylogenetic trees were created based on cluster analyses 
and global alignment similarities of 396 nucleotide frag- 
ments of the N-gene encoding region (position in the 
genome nucleotide 46-441, numbered according to the 
CVS strain, GenBank accession no. D42112). The confi- 
dence values of the internal nodes were calculated by per- 
forming 100 bootstrap analyses (Bionumerics V2.5). 

To allow the geographic relationship between homolo- 
gous strains to be studied, sequences showing a high 
sequence homology were grouped by “cluster”. All 
sequence “cluster” numbers were positioned on the coun- 
try map to determine if sequences with high homogeneity 
originated from the same region. 

Results 

Detection of Lyssavirus Antigen 

From 1984 to 2003, bats of 1 vagrant and 11 native 
species (Table 1) were tested for lyssavirus antigen. 
Lyssavirus was detected in 2 species only, the serotine bat 
and the pond bat, Myotis dasycneme. A total of 1,219 sero- 
tine bats and 129 pond bats were tested for lyssavirus anti- 
gen; 251 serotine bats and 5 pond bats were positive, 
which results in 21% and 4% prevalence, respectively. In 
the most common native bat species, the pipistrelle, 
Pipistrellus pipistrellus, EBLV was never detected (1,837 
specimens tested). Approximately one third (32%) of all 
bats submitted for lyssavirus antigen testing were serotine 
bats (Table 1, Figure 1). 

EBLV RT-PCR and RNA Sequence Analyses 

All FAT-positive bat brain tissue samples collected 
from 1997 to 2003 tested positive by PCR. Direct sequenc- 
ing of the RT-PCR-amplified products of a 566-nt coding 


Table 1. Investigated bats, the Netherlands, 1984-2003 

No. specimens Lyssavirus antigen 


Bat species 

tested 

positive (%) 

Eptesicus serotinus 

1,219 

251 (20.6) 

E. nilssonii 

1 

0 

Myotis mystacinus 

18 

0 

M. nattereri 

9 

0 

M. daubentonii 

111 

0 

M. dasycneme 

129 

5 (3.9) 

Pipistreiius pipistreiius 

1,837 

0 

P. nathusii 

256 

0 

Nyctaius noctuia 

61 

0 

N. ieisieri 

3 

0 

Piecotus auritus 

214 

0 

Vespertiiio murinus 

6 

0 

Undetermined 

9 

0 

Total 

3,873 

256 
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Figure 1. Number of submitted and lyssavirus antigen-positive 
samples from serotine bats, Eptesicus serotinus, collected in the 
Netherlands during the survey (1984-2003). 


mitted for testing were prey of cats, many of the bats had 
been in direct contact with humans, and only a few were 
involved in biting incidents. Most of these bats were 
assumed to be diseased or exhausted, and therefore, the 
observed EBLV incidences in both bat species almost cer- 
tainly are an overestimation of the incidence in healthy bat 
populations in the Netherlands. EBLV-positive cats were 
never identified, so the risk of infection seems to be very 
low for cats involved in bat contact. 

The difference in the overall prevalence between the 
serotine bat and the pond bat is difficult to explain. The 
serotine bat and the pond bat are not related species. 
Differences in behavior or sensitivity to EBLV infection or 
disease may be underlying causes for the observed differ- 
ences in EBLV prevalence in the 2 species. The patho- 



region of the amino terminus of the nucleoprotein resulted 
in homologies within subgenotypes EBLV la (41 speci- 
mens) and EBLVlb (4 specimens) of 99.0%-100% and 
99.2%-100%, respectively. Homologies with older EBLV 
bat isolates from the Netherlands were also within these 
ranges. Phylogenetic analyses did not show a significant 
change or shift in EBLV nucleoprotein encoding 
sequences over the years (Eigures 2 and 3). 

Geographic Distribution, Age, and Sex 

The geographic origin of tested and EBLV-positive 
serotine and pond bats are depicted in Eigures 4 and 5, 
respectively. The numbers of tested and EBLV-positive 
serotine bats per year are shown in Eigure 1 . High homol- 
ogy sequences detected in serotine bats did not show a 
clustering per year (Eigure 2), but EBLV sequences that 
showed a high degree of homology seemed to have a geo- 
graphic relationship for at least 2 lineages (clusters 2 and 
4, Eigure 3). Regarding age and sex, a significantly higher 
number of EBLV-infected serotine bats were found in the 
group of adult females, 25% EBLV positives (Table 2). 

Discussion 

Erom 1984 to 2003, the serotine bat appeared to be the 
main wildlife reservoir of EBLVs in the Netherlands, as in 
several other European countries (7). European bat 
lyssavirus incidence in serotine bats in the Netherlands 
was 21%. A much lower incidence of 4% was found in the 
pond bat. In the Netherlands, females of both the serotine 
bat and the pond bat usually dwell as maternity colonies in 
the summer; single males or male groups dwell in walls of 
houses and other buildings and occasionally in suitably 
quiet spaces like church lofts. 

These practices may bring humans and pets in contact 
with diseased bats. Among pets, cats are the most common 
predators of building-dwelling bats. Most of the bats sub- 
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Figure 2. Phylogenetic tree of European bat lyssavirus (EBLV1) 
sequences detected in serotine bats in the Netherlands, 
1997-2003, and historic EBLV sequences detected in bats in 
Europe. Tree calculated based on cluster analyses and global 
alignment similarities of 396 nucleotide fragments of the N-gene 
encoding region (position in the genome nucleotide 46-441 , num- 
bered according to the CVS strain, GenBank accession no. 
D42112). The confidence values of the internal nodes were calcu- 
lated by performing 100 bootstrap analyses. 
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Figure 3. A) Phylogenetic tree of European bat lyssavirus 1 (EBLV1) sequences detected in serotine bats in the Netherlands, 1997-2003, 
and some historic sequences detected in bats in Europe. Analysis performed with maximum parsimony of representative DNA sequences 
of different EBLV1 sequences. B) Relationships between 7 different serotine bat EBLVIa sequence lineages (numbered “clusters” 1 to 
7): maximum parsimony unrooted tree of representative EBLV1 sequences detected in serotine bats in the Netherlands and several his- 
toric sequences detected in other European countries (color coded country). C) Geographic distribution of the 7 different serotine bat 
EBLV1 lineages (numbered “clusters” 1 to 7) from 41 recently detected serotine bat isolates in the Netherlands. 


genicity of EBLVs in natural hosts has not been extensive- 
ly studied because bats are legally protected in most 
European countries (European Commission Directive 
92/43/EEC on the Conservation of Natural Habitats and of 
Wild Eauna and Elora, 1992). Some European countries 
have even more strict regulations than those described in 
the European directive. Due to strict regulations on 
wildlife conservation in some countries, the study of 
EBLV infections in bats is hampered. Therefore, whether 
EBLVs normally cause fatal infections or induce an 
asymptomatic infection and virus persistence in individual 
bats is not known (8). Another possibility is that EBLVs 
induce infection with a long incubation period (i.e., 
months, years), because this can also lead to long-term 
maintenance of the virus within a specific species. Studies 
to elucidate this issue have not shown exclusive results (6). 

Apart from the species, data including age, sex, and 
dates and locations the bats were found were also docu- 
mented; these data enable us to show a clear picture of the 
geographic distribution of EBLVs in different bat species 
in the Netherlands (Eigures 4 A and B and Eigure 5) for the 
first time. The serotine bat is relatively common and can be 
found throughout the country. The species is especially 
numerous in the northwest. In the south, the species is 
present almost everywhere but in rather low numbers. The 
pond bat is fairly common in the north and west. Both 
serotine bats and pond bats submitted for EBLV testing 
were concentrated more in the northern and the middle part 
of the country. This finding indicates the summer distribu- 
tion and population density of both species in the 
Netherlands (9). During winter, the serotine bat hibernates 


individually or in small groups in cavity walls of buildings 
usually not far from its summer roosts. The pond bat 
migrates to subterranean winter roosts which may be 
20-300 km from its summer roosts. Hibernation of the 
pond bat in cavity walls of buildings has not yet been 
observed. The higher number (25%) of EBLV infections 
observed in adult female serotine bats is not surprising 
because adult females of this species live close together 
during their maternity period in the summer. 

Eorty-five EAT-positive bat brain tissue samples select- 
ed for EBLV sequence analysis tested positive by PCR. Eor 
these samples, the EBLV RT-PCR assay proved to be at 
least as sensitive as the PAT test system that is used for 
EBLV surveillance. Sequencing the RT-PCR-amplified 
products of the nucleoprotein-encoding region and subse- 
quent sequence analyses resulted in exclusively EBLVl 
subgenotype lineages. EBLVIa isolates showed a 
99.0%-100% homology, whereas EBLVlb isolates in the 
Netherlands showed a 99.2%-100% homology. Homo- 
logies with older EBLV isolates from the Netherlands were 
also within these ranges (Eigures 2 and 3). 

Sequences from serotine bats with high homology for at 
least 2 EBLVIa lineages (clusters 2 and 4, Eigure 3) orig- 
inated from a defined geographic region in the 
Netherlands. This observation suggests that transmission 
of EBLVs in serotine bats over long distances within the 
country does not seem to play a major role in EBLV epi- 
demiology. However, Davis et al. (10) recently suggested 
that transmission viral traffic may be established among 
bats in northern Europe because high homology strains 
were found across this entire region. Eor the EBLVlb lin- 
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eages, the possibility of geographic clustering of high 
homology sequences could not be determined because of 
the relatively low number of analyzed sequences. 

EBLV sequences detected in native bats in the 
Netherlands showed little divergence and did not indicate 
an emergence of new EBLV strains, but this study con- 
firms that the serotine bat is an EBLV 1 reservoir. Since at 
least 4 fatal EBLV infections have been reported in 





Figure 4. Location of serotine bat, Eptesicus serotinus, with posi- 
tive (triangles) and negative (dots) test results for European bat 
lyssaviruses, the Netherlands; A)1 984-1 989; 6)1990-2003. 



Figure 5. Location of pond bat, Myotis dasycneme, with positive 
(triangles) and negative (dots) test results for European bat 
lyssaviruses, the Netherlands, 1984-2003. 


humans in Europe in the last decade, the public health haz- 
ard of bat rabies in Europe should not be underestimated. 
Any contact with bats in Europe must be considered possi- 
ble exposure, and biting incidents should be treated imme- 
diately with rabies postexposure prophylaxis. If possible, 
the involved bat should always be kept for lyssavirus test- 
ing. To prevent rabies transmission from bats, all bat han- 
dlers should be informed of the risks of rabies exposure 
and advised to be vaccinated. The continuing prevalence 
of EBLVs in serotine bats and pond bats in Europe and the 
risk of a fatal infection in humans should compel European 
countries to work together on bat lyssavirus surveillance. 


Table 2. European bat lyssavirus-positive serotine bats by age 
and sex 


Sex/age group 

Examined 

Positive 

Prevalence (%) 

Male/juvenile 

22 

6 

27 

Female/juvenile 

35 

4 

11 

Male/adult 

684 

132 

19 

Female adult* 

438 

108 

25 

Subtotal 

1,178 

250 

21 

Sex and age unknown 

8 

0 


Adult/unknown sex 

24 

1 

4 

Juvenile/unknown sex 

8 

0 


Total 

1,219 

251 

21 


*Prevalence for this group was significantly higher than for the rest 
based on likelihood ratio test. 
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SARS-CoV Infection in a 
Restaurant from Palm Civet 

Ming Wang,*i Meiying Yan,f+^ Huifang Xu,*i Weili Liang, Biao Kan,t+^ Bojian Zheng, 
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Guichang Li,f Machao Li,f Zhigang Cui,t+ Yu-Fei Liu,* Rong-Tong Guo,* Xiao-Ning Liu,* Liu-Hua 


Zhan,* Duan-Hua Zhou,* Aiian Zhao,t^ Rong Hai 


Epidemiologic investigations showed that 2 of 4 
patients with severe acute respiratory syndrome (SARS) 
identified in the winter of 2003-2004 were a waitress at a 
restaurant in Guangzhou, China, that served palm civets 
as food and a customer who ate in the restaurant a short 
distance from animal cages. All 6 palm civets at the restau- 
rant were positive for SARS-associated coronavirus 
(SARS-CoV). Partial spike (S) gene sequences of SARS- 
CoV from the 2 patients were identical to 4 of 5 S gene 
viral sequences from palm civets. Phylogenetic analysis 
showed that SARS-CoV from palm civets in the restaurant 
was most closely related to animal isolates. SARS cases 
at the restaurant were the result of recent interspecies 
transfer from the putative palm civet reservoir, and not the 
result of continued circulation of SARS-CoV in the human 
population. 

T he severe acute respiratory syndrome (SARS) epidem- 
ic emerged in 2003 in 6 municipalities in the Pearl 
River delta region in Guangdong, China. Early case- 
patients were more likely to be persons with occupational 
exposure to animals, such as animal sellers or restaurant 
cooks (1,2). Tracing the source of infection has been com- 
plicated, given the sporadic nature of index cases without a 
clear history of contact with animals. After the World 
Health Organization (WHO) declared the end of the SARS 
epidemic, 4 new cases of SARS were reported from 
December 16, 2003, to January 1, 2004, in Guangzhou in 
Guangdong Province. These cases were not linked to any 


*Guangzhou Municipal Center for Disease Control and 
Prevention, Guangdong, People’s Republic of China; fNational 
Institute for Communicable Disease Control and Prevention, 
Beijing, People’s Republic of China; fState Key Laboratory of 
Infectious Diseases Prevention and Control, Bejing, People’s 
Republic of China; and §University of Hong Kong, Hong Kong 
Special Administrative Region, People’s Republic of China 


,t+ Dongzhen Yu,t+ Yi Guan,§ and Jianguo Xuft 


laboratory accidents. All patients had a temperature 
>38°C, radiographic evidence of pneumonia, and serolog- 
ic evidence of SARS infection. Fever lasted from 6 to 18 
days (median 7), no mechanical ventilation was required, 
and the clinical course of the disease ranged from 21 to 24 
days with full recovery. All 4 patients had connnunity- 
acquired infections without any apparent epidemiologic 
link. A total of 257 contacts, including 113 close contacts, 
of these patients were observed for 2 weeks, with no sec- 
ondary transmission identified. These patients had mild 
symptoms and no secondary transmission, which was 
remarkably different from patients in the 2003 epidemic. 

Since potential reemergence of SARS leading to epi- 
demic spread was possible, identification of the infectious 
source was a high priority. The S gene sequence of SARS- 
associated coronavirus (SARS-CoV) isolated from 2 of 
these 4 patients was found to be closely related to the 
sequence of virus isolated from palm civets (3). However, 
1 of these patients reported no contact with palm civets or 
other animals in the preceding 2 months. The second 
patient was a 20-year-old waitress from a restaurant that 
served palm civets as food (4,5). Based on the virologic 
and epidemiologic findings, provincial officials took 
aggressive action on January 5, 2004, ordering a sweep 
through farms and food markets to destroy any animals 
that might harbor SARS-CoV. No additional SARS cases 
have since been reported. This information highlights the 
necessity for investigating restaurants as a possible source 
of infection, understanding that the virus can be transmit- 
ted from animals or environmental sources to humans, and 
clarifying the genetic basis of pathogenicity and infectivi- 
ty of SARS-CoV from animal sources. 


Hhese authors contributed equally to this article. 
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Methods 

Specimen Collection 

Serial nasopharyngeal, fecal, and serum specimens of 
patients were collected at hospitals by Guangzhou 
Municipal Centers for Diseases Control and Prevention. 
When possible SARS was diagnosed in the waitress on 
January 2, 2004, serum, throat and rectal swabs were 
obtained from all 6 palm civets at the restaurant. It was 
reported that the animals were purchased from Xinyuan 
live animal wholesale market in Guangzhou. Serum sam- 
ples from employees of the restaurant were obtained on 
January 4. Persons with positive results provided addition- 
al samples as needed. All specimens were stored at -80°C. 

Laboratory Diagnosis and Direct Sequencing 
of Primary Specimens 

Serum samples were tested by enzyme-linked 
immunosorbent assay (ELISA), immunofluorescent anti- 
body (IFA) test, and Western blot for specific immuno- 
globulin G (IgG) and IgM. Nasopharyngeal, throat, and 
rectal specimens were tested by reverse transcription- 
polymerase chain reaction for polyprotein (P) and nucleo- 
capsid (N) genes of SARS -Co V. Gene sequences were 
determined directly from original samples. RNA was tran- 
scribed into cDNA (Superscript, Invitrogen, Carlsbad, 
CA, USA) and subsequently used for PCR amplification. 
Complete spike (S) gene and whole genome sequencing of 
SARS -Co V virus was conducted by using 48 primer sets 
based on the sequence data of a SARS -Co V SZ3 isolate 
from palm civet (6) and an ABI 3730 Genetic Analyzer 
(Applied Biosystems, Foster City, CA, USA). Assembled 
genome sequences were compared with those of the first 
virus isolates of human (TOR2) and animal (SZ3) origin. 
Any nucleotide (nt) differences were double-checked and 
confirmed. Sequences from this study were deposited in 
GenBank (accession nos. AY572034-572038). 

Virus Isolation and Characterization 

Samples from patients and animals were cultured in 
fetal rhesus kidney (FRhK-4) cells or Vero E6 cells for 
virus isolation as described (6,7). Cells with or without 
SARS -Co V virus infection were harvested and fixed in 
2.5% glutaraldehyde (Electron Microscopy Sciences, 
Hatfield, PA, USA) for 4 h and post- fixed in 1% osmium 
tetroxide for 1 h. Cells were then transferred to a 1.5-mL 
tube and centrifuged at 1,000 rpm for 10 min. The super- 
natant was removed and a 2% agarose solution 
(55°C-60°C) was added to the cell pellet. After the agarose 
solidified, ~l-mm cubes containing the cell pellet were cut 
and dehydrated in graded ethanol. The cubes were then 
embedded in epoxy resin. Ultrathin sections (70 nm) were 
prepared and stained with uranyl acetate and lead citrate. 


Sections were examined with a Philips (Eindhoven, the 
Netherlands) EM208S electron microscope. 

Phylogenetic Construction and Data Analyses 

Nucleotide and amino acid sequences were aligned by 
using MegAlign version 6.0 (DNASTAR, Madison, WI, 
USA). A neighbor-joining tree with bootstrap values was 
constructed to estimate phylogenetic relationships among 
sequences. Nucleotide positions were numbered based on 
the TOR2 SARS virus isolate (GenBank accession no. 
NC_004718) (8). 

Results 

Epidemiologic Findings of Patients 

Epidemiologic investigations showed that 2 of the 4 
recent SARS patients were linked with the restaurant serv- 
ing palm civets as food. One patient was a 20-year-old 
waitress who became ill on December 26, 2003, with sus- 
pected SARS was diagnosed on January 2, 2004, and she 
was classified as a probable SARS patient by local health 
authorities on January 8, 2004 (4,5). She denied eating 
palm civet or being in close contact with them. However, 
palm civets were found in her work area and she often 
passed or stood a short distance from the animal cages. The 
other patient was a 40-year-old physician who ate at the 
restaurant on December 31, 2003, and first showed symp- 
toms on January 7, 2004. His dining table was within 5 m 
of civet cages. 

Serial serum samples from both patients were positive 
for IgG and IgM against SARS-CoV by ELISA, IFA, and 
Western blots. Positions 22907-23192 (286 bp) of the S 
gene were sequenced from a nasopharyngeal swab isolate 
from the waitress and from a fecal specimen from the 
physician (samples were obtained on January 5 and 
January 12, 2004, respectively). The 2 S gene sequence 
fragments were identical, but differed from all S gene 
sequences available on public databases. Attempts to iso- 
late virus from these specimens by using Vero E6 cells 
were unsuccessful. Isolation of virus with the FRhK-4 cell 
line was not attempted because the volume of specimen 
from patients was limited. 

Epidemiologic and Etiologic Findings 
of the Restaurant 

The restaurant is in a 2- story building in downtown 
Guangzhou. Eight animal cages containing 6 palm civets 
(Paguma larvata) were stacked (2 cages per stack) at the 
front door of the restaurant. The cages were approximate- 
ly 1 m from the sidewalk and 2 m from the first row of din- 
ing tables on the ground floor of the restaurant. Pedestrians 
walking in the street and customers dining on the ground 
floor could easily see the animals in the cages. 
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Both P and N genes of SARS-CoV were found by nest- 
ed PCR in all throat and rectal swab specimens from 6 
palm civets (Table 1) (9). Three complete genome 
sequences and 2 complete S gene sequences of SARS-CoV 
were found in rectal or throat swab specimens from 5 of 
the 6 palm civets (Table 1) (10). The 286-bp S gene 
sequences from isolates from the waitress and the physi- 
cian were identical to 4 of 5 S gene sequences from palm 
civets from the restaurant, but differed from other 
sequences available from public databases (Table 2). 
SARS-CoV virus was isolated from FRhK-4 cells cultured 
with a rectal swab specimen of a palm civet, but not from 
Vero E6 cells. Cytopathic effects (CPE) of SARS-CoV 
virus on FRhK-4 cells were visible 4 days after culture 
with a fecal swab sample. Electron microscopy showed 
typical morphologic features of SARS-CoV virus in a thin 
section of the infected cell. A complete genome sequence 
of the SARS-CoV isolated from a palm civet was deter- 
mined directly from the original sample and submitted to 
GenBank (accession no. AY572034). 

IgG antibodies against SARS-CoV were detected in 2 
(5.1%) of 39 employees of the restaurant. This was higher 
than that observed in the control groups (l%-3%) (11). 
One employee tested positive for IgM against SARS-CoV 
in serum samples obtained on January 4 and January 13. 
Results became negative by January 17, 2004, with no ill- 
ness or fever in the previous 2 months. This employee 
worked as a head waitress and often helped customers 
select palm civets from animal cages. A cook in the restau- 
rant also tested positive for IgG antibody to SARS-CoV. 

Nucleotide and Amino Acid Sequence Variations 

Comparison of 5 complete S gene sequences (3,768 nt) 
from palm civets at the restaurant, 22 S gene sequences 
from SARS patients in the early 2003 epidemic, and 2 
viruses isolated from palm civets in 2003 showed 60 nt 
polymorphisms. Only 5 signature nt variations (SNVs) 
were observed in the 5 complete S gene sequences from 
palm civets determined in this study, indicating that 
SARS-CoV sequences from civets at the restaurant were 
not different from those of the original animal SARS 
source. We also observed that 21 SNVs could be used to 
distinguish viruses with high pathogenicity and infectivity 


from those with low pathogenicity and infectivity relative 
to clinical presentation and transmission events (Table 2). 

Three of 5 complete S gene sequences from palm civets 
at the restaurant did not contain any of the 21 SNVs. The 
remaining 2 isolates (Civet014 and Civet020) had only 1 
or 2 SNVs. In contrast, 11 of 22 SARS-CoV strains isolat- 
ed from humans in Canada, Germany, and Vietnam had all 
21 SNV mutations (Table 2). It should be noted that the 
first human SARS-CoV isolated, GDOl, had 17 of 21 
SNVs (Table 2). This virus caused severe infections in 
humans, but did not spread from Guangdong Province 
(12). Similar SNV patterns were observed in other isolates 
from patients at the beginning of the 2003 epidemic (13). 
Four isolates (ZS-A, SZ-B, SZ-C, and HGZ8L1-A) had 18 
of 21 SNVs and were obtained from patients with contact 
histories traceable to some of the earliest independent 
cases, but with no further transmission recorded (13). 
Virus GZ02 had 17 SNVs. Another group of 2 early iso- 
lates, HSZ-B and HSZ-C, had 19 SNVs, in addition to an 
82-nt deletion (13). Virus GZ60, which was isolated from 
nasopharyngeal aspirates of a healthcare worker at 
Guangdong Chest Hospital on February 18, 2003, had 18 
SNVs (10). Guan et al. named this virus SARS-CoV sub- 
cluster Al, together with GDOl and GZ43 (10). None of 
the sequences of these early-phase isolates have been 
observed in the middle or later phase of the epidemic, sug- 
gesting these isolates had low or mild infectivity (13). 

When deduced amino acid sequences were analyzed, 
15 signature amino acid variations (SAAVs) were 
observed that could distinguish between viruses with low 
or high pathogenicity and infectivity. Three of the 5 recent 
SARS-CoV isolates from palm civets had no SAAVs, 
while viruses isolated from outbreaks in various countries 
had all 15 SAAVs (7,10,14,15). The isolates from the early 
phase of the 2003 epidemic (GDOl, ZS-A, SZ-B, SZ-C, 
HGZ8L1-A, HSZ-B, HSZ-C, and GZ60) had 12 or 13 
SAAVs (6,7,13). SARS-CoV SZ3 and SZ16 had 7 SAAVs 
mutations (6). The S protein sequence predicted for the 
first SARS case of 2003-2004 had only 3 SAAVs (13). 

Genomic Differences 

When the complete genome sequences of SARS-CoV 
determined in specimens from palm civets at the restaurant 


Table 1 . Detection of severe acute respiratory syndrome-associated coronavirus genes in palm civets* 


Nucleocapsid and polyprotein genes 


Palm civet 

Throat swab specimen 

Rectal swab specimen 

Sequences detected (GenBank accession nos.) 

007 

+ 

+ 

Complete genome (AY572034) 

010 

+ 

+ 

Complete genome (AY572035) 

014 

+ 

+ 

Spike gene (AY572036) 

018 

+ 

+ 

ND 

019 

+ 

+ 

Spike gene (AY572037) 

020 

+ 

+ 

Complete genome (AY572038) 


*Nucleocapsid and polyprotein genes were detected by nested reverse transcription-polymerase chain reaction. Spike gene sequences were determined 
from rectal swab isolates. +, positive; ND, not detected. 
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Table 2. Comparison of signature nucleotide variations in the spike (S) gene of SARS-CoV from various sources* 


Signature nucleotide variation position of S genet 


2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

1 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

3 

3 

3 

3 

3 

3 

3 

4 

4 

5 

9 

5 

5 

5 

8 

8 

9 

9 

9 

9 

9 

3 

3 

3 

4 

7 

7 

8 

5 

9 

0 

0 

1 

2 

7 

7 

7 

0 

2 

2 

3 

5 

1 

1 

3 

8 

1 

8 

2 

6 

7 

3 


Virus 

Source 

7 

7 

2 

0 

4 

5 

6 

7 

8 

0 

1 

6 

7 

0 

5 

9 

5 

3 

6 

8 

1 

Civet007 

Civet, restaurant 

T 

G 

G 

C 

T 

T 

c 

G 

A 

G 

G 

T 

T 

A 

C 

G 

T 

G 

C 

G 

C 

CivetOlO 

Civet, restaurant 

T 

G 

G 

C 

T 

T 

c 

G 

A 

G 

G 

T 

T 

A 

C 

G 

T 

G 

C 

G 

C 

Civet019 

Civet, restaurant 

T 

G 

G 

C 

T 

T 

c 

G 

A 

G 

G 

T 

T 

A 

C 

G 

T 

G 

C 

G 

C 

Civet020 

Civet, restaurant 

T 

G 

G 

C 

T 

c 

c 

G 

A 

G 

G 

T 

T 

A 

C 

G 

T 

G 

C 

G 

C 

Civet014 

Civet, restaurant 

T 

G 

G 

C 

T 

c 

c 

A 

A 

G 

G 

T 

T 

A 

C 

G 

T 

G 

C 

G 

C 

Waitress 

Patient 2, waitress 








G 

A 

G 

G 











Customer 

Patient 4, customer 








G 

A 

G 

G 











GD03T0013 

Patient 1 

T 

G 

G 

C 

T 

c 

c 

A 

T 

G 

G 

T 

T 

A 

C 

G 

T 

G 

C 

G 

C 

SZ3 

Civet, market 

C 

G 

G 

C 

C 

c 

T 

A 

A 

A 

G 

G 

C 

T 

C 

C 

C 

G 

C 

G 

T 

SZ16 

Civet, market 

C 

G 

G 

C 

C 

c 

T 

A 

A 

A 

G 

G 

C 

T 

C 

C 

C 

G 

C 

G 

T 

GZ60 

Early phase 

c 

G 

G 

T 

c 

c 

T 

A 

T 

A 

C 

G 

c 

T 

C 

C 

c 

G 

T 

A 

T 

HGZ8L1-A 

Early phase 

c 

G 

G 

T 

c 

c 

T 

A 

T 

A 

C 

G 

c 

T 

T 

C 

c 

G 

T 

A 

T 

ZS-A 

Early phase 

c 

G 

G 

T 

c 

c 

T 

A 

T 

A 

C 

G 

c 

T 

T 

C 

c 

G 

T 

A 

T 

ZS-B 

Early phase 

c 

G 

G 

T 

c 

c 

T 

A 

T 

A 

C 

G 

c 

T 

T 

C 

c 

G 

T 

A 

T 

ZS-C 

Early phase 

c 

G 

G 

T 

c 

c 

T 

A 

T 

A 

C 

G 

c 

T 

T 

C 

c 

G 

T 

A 

T 

GD01 

Early phase 

c 

G 

G 

T 

c 

c 

T 

A 

T 

A 

C 

G 

c 

T 

T 

C 

c 

G 

C 

A 

T 

GZ02 

Early phase 

c 

G 

G 

T 

c 

c 

T 

A 

T 

A 

C 

G 

c 

T 

T 

C 

c 

G 

T 

G 

T 

HSZ-Bb 

Early phase 

c 

A 

A 

T 

c 

c 

T 

A 

T 

A 

C 

G 

c 

T 

T 

C 

c 

G 

T 

G 

T 

HSZ-Bc 

Early phase 

c 

A 

A 

T 

c 

c 

T 

A 

T 

A 

C 

G 

c 

T 

T 

C 

c 

G 

T 

G 

T 

HSZ-Cb 

Early phase 

c 

A 

A 

T 

c 

c 

T 

A 

T 

A 

C 

G 

c 

T 

T 

C 

c 

G 

T 

G 

T 

HSZ-Cc 

Early phase 

c 

A 

A 

T 

c 

c 

T 

A 

T 

A 

C 

G 

c 

T 

T 

C 

c 

G 

T 

G 

T 

GZ50 

Middle phase 

c 

A 

A 

T 

c 

c 

T 

A 

T 

A 

C 

G 

c 

T 

T 

C 

c 

T 

T 

A 

T 

BJ01 

Late phase 

c 

A 

A 

T 

c 

c 

T 

A 

T 

A 

C 

G 

c 

T 

T 

C 

c 

T 

T 

A 

T 

BJ03 

Late phase 

c 

A 

A 

T 

c 

c 

T 

A 

T 

A 

C 

G 

c 

T 

T 

C 

c 

T 

T 

A 

T 

HKU-36871 

Late phase 

c 

A 

A 

T 

c 

c 

T 

A 

T 

A 

C 

G 

c 

T 

T 

C 

c 

T 

T 

A 

T 

HKU-39849 

Late phase 

c 

A 

A 

T 

c 

c 

T 

A 

T 

A 

C 

G 

c 

T 

T 

C 

c 

T 

T 

A 

T 

HKU-65806 

Late phase 

c 

A 

A 

T 

c 

c 

T 

A 

T 

A 

C 

G 

c 

T 

T 

C 

c 

T 

T 

A 

T 

CUHK-W1 

Late phase 

c 

A 

A 

T 

c 

c 

T 

A 

T 

A 

C 

G 

c 

T 

T 

C 

c 

T 

T 

A 

T 

CUHK-SulO 

Late phase 

c 

A 

A 

T 

c 

c 

T 

A 

T 

A 

C 

G 

c 

T 

T 

C 

c 

T 

T 

A 

T 

Fra 

Late phase 

c 

A 

A 

T 

c 

c 

T 

A 

T 

A 

C 

G 

c 

T 

T 

C 

c 

T 

T 

A 

T 

Tor2 

Late phase 

c 

A 

A 

T 

c 

c 

T 

A 

T 

A 

C 

G 

c 

T 

T 

C 

c 

T 

T 

A 

T 

Urbani 

Late phase 

c 

A 

A 

T 

c 

c 

T 

A 

T 

A 

C 

G 

c 

T 

T 

C 

c 

T 

T 

A 

T 


*Blank spaces indiate information not available. Early, middle, and late phases indicate when virus was isolated from patients in various stages of the 2003 
epidemic. SARS-CoV, severe acute respiratory syndrome. 

fNumbers indicate position of signature nucleotide variations on the virus genome based on SARS-CoV Tor2 numbering. The 4 signature nucleotide 
variations in 286-bp S gene sequences for isolates from 2 restaurant-related patients were identical to 4 of 5 S gene sequences of palm civets at the 
restaurant. 


(n = 3), animal markets (n = 2), and patients (n = 23) were 
compared, the 29-nt deletion (positions 27869-27897) was 
absent in all isolates from palm civets at the restaurant and 
at the market, but was present in 22 of 23 patient isolates. 
The only human isolate (GZOl) without the 29-nt deletion 
was from a patient in the 2003 epidemic. In addition to S 
gene sequences, another 42 SNVs were identified, of 
which 33 were located on the gene encoding P protein 
(open reading frame [ORF] ab), and on 9 other genes for 
uncharacterized proteins: ORF 3 (5 SNVs), membrane 
protein (2 SNVs), and N protein (2 SNVs). However, when 
complete genome sequences of SARS-CoV from palm 
civets at the restaurant were compared with those of iso- 
lates from palm civets from the market, only 37 SNVs 
were identified and located on genes encoding P protein 
(20 SNVs), S protein (11 SNVs), ORF 3a (3 SNVs), M 


protein (1 SNV), and N protein (2 SNVs). All nucleotide 
changes were observed in virus sequences of palm civets 
from the market, but not in virus sequences of animal iso- 
lates from the restaurant. 

Phylogenetic Analysis 

Analysis of the S gene of SARS-CoV showed that viral 
isolates of animal origin clustered into 2 distinct groups. 
Group A is represented by SZ3 and SZ16, which were iso- 
lated from palm civets in 2003. Group B is represented by 
viruses found in palm civets at the restaurant (Figure) (6). 
Analysis of complete genome sequences showed the same 
relationships (data not shown). These most recent SARS 
patients were therefore infected by SARS-CoV that is most 
closely related to virus isolates from palm civets at the 
restaurant (Figure) (6). 
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Figure. Phylogenetic relationships of severe acute respiratory syn- 
drome (SARS) virus isolates based on the spike gene. The neigh- 
bor-joining tree was constructed by the neighbor-joining process 
with 1 ,000 bootstrap replicates. The origins of the sequences are 
as follows: Civet007, CivetOlO, Civet019, Civet020, and Civet014, 
palm civets from the restaurant; GD03T0013, the first SARS 
patient in 2004; SZ3 and SZ16, palm civets from a Shenzhen mar- 
ket in 2003; GZ60, HGZ8L1-A, ZS-A, ZS-B, ZS-C, and GD01, 
early phase isolates in 2003 without the 29-nucleotide (nt) dele- 
tion; GZ02, HSZ-Bb, HSZ-Bc, HSZ-Cb, and HSZ-Cc, early phase 
isolates from the 2003 epidemic with an 82-nt deletion; GZ50, 
HKU-36871, HKU-39849, HKU-65806, CUHK-W1, CUHK-Su10, 
BJ01, BJ03, Fra, Tor2, and Urbani, middle and late phase isolates 
from the 2003 epidemic. 


Discussion 

The source of SARS -Co V, how it was introduced into 
humans, and where it may reemerge are critical questions 
related to disease control (16). Understanding the mode of 
transmission of SARS-CoV into humans is essential in 
designing appropriate prevention and control measures for 
future SARS epidemics. We provide the first direct evi- 
dence that SARS -Co V was transmitted from palm civets to 
humans, and that a restaurant serving palm civets positive 
for this virus was the source of infection for 2 of 4 con- 
firmed SARS patients during the resurgence of SARS in 
the winter of 2003-2004 (6,17). 

All 6 palm civets from the restaurant were positive for 
SARS -Co V. Partial S gene sequences were identical in 
both patients from this study and to 4 of 5 S gene 
sequences from palm civets from the restaurant, but differ- 
ent from more than 100 S gene sequences from SARS 
patients worldwide (6,10,12,13). That the restaurant was 
an infection source was further supported by serologic 
investigation of restaurant employees. Specific IgG was 
detected in 2 of 39 employees, 1 with a history of close 
contact with these palm civets. However, we lack evidence 
that eating civet could transmit the virus because the 
employees had not eaten palm civet before SARS devel- 
oped. The patients most likely were infected by close 
exposure to animals carrying SARS-CoV in the restaurant. 
This situation may be similar to those earliest index cases 


linked to markets or restaurants that occurred in winter of 
2002-2003 (18). Results of PCR tests conducted by the 
WHO were positive for SARS-CoV in specimens from the 
bottom of animal cages and the kitchen of the restaurant 
(19). 

Genome sequence analysis data strongly suggest that 
sporadic cases of SARS in Guangzhou in 2003-2004 were 
caused by SARS-CoV of animal origin. The 29-nt deletion 
was not observed in palm civets from the restaurant, but 
was present in almost all human isolates, and may have 
resulted from the adaptation and evolution of SARS-CoV 
in humans. SNVs in S gene sequences have been reported 
in several studies of the molecular evolution of SARS- 
CoV (6,7,12,13). The characteristic SNV pattern of S 
genes has 21 nt. SARS-CoV isolated from palm civets at 
the restaurant had 0, 1, or 2 SNVs. However, viruses from 
several provinces of China and other countries had all 21 
SNVs (7,10,14,15). Viruses isolated in the early phase of 
the 2003 epidemic had 16-19 SNVs (6,7,13). The SZ3 and 
SZ16 isolates from palm civets in 2003 had 11 SNVs (6), 
while the S gene from the first case of SARS encountered 
in 2004 had only 3 SNVs (Table 2) (13). When the com- 
plete genomes of SARS-CoV from palm civets at the 
restaurant were compared with sequences of human iso- 
lates, 62 SNVs were identified. However, when the com- 
plete genome was compared with sequences of virus 
isolated from palm civets from animal markets in the 2003 
epidemic, only 37 SNVs were identified. 

Phylogenetic analysis of the S gene of SARS-CoV also 
showed that viruses from palm civets at the restaurant were 
more closely related to previously described viruses of ani- 
mal origin, and these were more closely related to viruses 
isolated from patients during the early epidemic phase. 
Moreover, all SARS-CoV strains, including isolates from 
animal markets, had evolved from isolates in palm civets 
at the restaurant (Figure). Clearly, SARS cases contracted 
at the restaurant were the result of recent interspecies 
transfer from a putative palm civet virus reservoir, rather 
than the result of circulation of SARS-CoV in the human 
population. 

SNV and phylogenetic analysis also suggest that the 
virus responsible for SARS infections in 2004 was not yet 
able to cause severe disease in humans. Minor clinical 
symptoms and no subsequent transmission have been rec- 
ognized as features of the recent SARS infections. These 
findings support our observations that SARS-like illness 
did not develop in any of the 257 contacts of the 4 patients, 
or in any of the health care workers attending them. 
However, epidemiologic data can only provide clues to the 
biologic characteristics of the virus. Therefore, experimen- 
tal infection using animal models is necessary to measure 
the relative pathogenic potential of various strains of 
SARS-CoV isolated from human and animals. 
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Echinococcosis in Tibetan 
Populations, Western Sichuan 
Province, China 

Li Tiaoying,* Qiu Jiamin,* Yang Wen,* Philip S. Craig, t Chen Xingwang,* Xiao Ning,*^ Akira lto,+ 
Patrick Giraudoux,§ Mamuti Wulamu,^ Yu Wen,* and Peter M. Schantz^ 


We screened 3,199 people from Shiqu County, 
Sichuan Province, China, for abdominal echinococcosis 
(hydatid disease) by portable ultrasound combined with 
specific serodiagnostic tests. Both cystic echinococcosis 
(CE) (Echinococcus granulosus infection) and alveolar 
echinococcosis (AE) (E. multilocularis) were co-endemic in 
this area at the highest village prevalence values recorded 
anywhere in the world: 12.9% were infected with one or the 
other form (6.8% CE and 6.2% AE). Prevalences of both 
CE and AE were significantly higher in female than male 
patients and increased with the age of the person 
screened. Pastoral herdsmen were at highest risk for infec- 
tion (prevalence 19.0%). Prevalence of CE varied in 5 
townships from 0% to 12.1%, whereas AE prevalence 
ranged from 0% to 14.3%. Risk factors associated with 
both infections included the number of owned dogs, fre- 
quency of contact with dogs, and sources of drinking water. 

H uman cystic echinococcosis (CE), caused by infection 
with the larval stage of Echinococcus granulosus, and 
alveolar echinococcosis (AE), caused by infection with the 
larval stage of E. multilocularis, are 2 of the most patho- 
genic zoonotic parasitic helminthic infections of humans 
in the Northern Hemisphere (1). Human CE occurs world- 
wide in association with herding, within which the main 
dog-sheep cycle for E. granulosus is transmitted (1). 
Human AE is a much rarer parasitic infection; transmission 
occurs in several regions of the Northern Hemisphere, 


*Sichuan Centers for Disease Control and Prevention, Chengdu, 
Sichuan Province, People’s Republic of China; fUniversity of 
Salford, Salford, United Kingdom; fAsahikawa Medical College, 
Asahikawa, Japan; §World Health Organization Collaborating 
Centre for the Prevention and Treatment of Alveolar 
Echinococcosis, Universite de Franche-Comte, Besancon, 
France; and ^Centers for Disease Control and Prevention, Atlanta, 
Georgia, USA 


including the United States, Europe, Central Asia, Siberia, 
Japan, and China (2). In China, echinococcosis occurs 
mainly in western regions and provinces, including 
Xinjiang Uygur Autonomous Region, Qinghai Province, 
Gansu Province, Ningxia Hui Autonomous Region, and 
Sichuan Province (3). A previous pilot survey showed that 
human echinococcosis was prevalent in western Sichuan 
Province, situated on the eastern Tibetan Plateau, and that 
both human CE and AE were present. The average preva- 
lence was 4.0%; CE accounted for 2.1% and AE 1.9% (4). 

Shiqu County (longitude 97°20'00"-99H5'28" E and 
latitude 32°19'28"-34°20'40"N) is located in the north- 
west corner of Ganzi Prefecture in Sichuan Province (aver- 
age altitude 4,200 m). The county covers 25,141 km^, 
located on the eastern part of the Tibetan Plateau. 
Grassland covers 83.5% of this treeless area, where the 
weather is cold (annual average temperature -1.6°C). 
Ethnic Tibetans comprise 98% of the total population; they 
are primarily involved with livestock production and herd- 
ing. The total number of livestock is >630,000. In addition, 
a large number of dogs, including owned dogs and strays, 
exist in the area (5). We conducted a village-based commu- 
nity epidemiologic study of human echinococcosis from 
2000 to 2002 in Shiqu County, Ganzi Tibetan Autonomous 
Region, Sichuan Province, to further understand the epi- 
demiology of human AE in this region. 

Materials and Methods 

The screening program was undertaken from 2000 to 
2002; 26 villages in 5 townships in Shiqu County, were 
included (Eigure 1). A total of 3,199 volunteers were self- 
selected after the purpose of the study was explained to the 
communities by local village leaders; volunteers were 
assured free diagnosis and chemotherapeutic treatment for 
echinococcosis, if indicated. Study participants ranged in 
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age from 1 to 86 years (median 32 years). Fifty-two 
percent (1,660) were female patients, and 48% (1,539) 
were male patients. Persons of Tibetan ethnicity comprised 
95% of the sampled population. The other participants list- 
ed their ethnicity as Han (4.5%), Hui (0.2%), or other 
(0.3%). Almost half of the participants (52.9%) raised live- 
stock, including yaks, sheep, or goats, as the primary 
source of their income. Other listed occupations included 
student (19.1%), public servant (9.8%), preschooler 
(3.2%), illiterate child (2.0%), semifarmer (2.5%), farmer 
(1.1%), employee (2.2%), or other (7.3%). 

Questionnaire 

For each registered participant, a questionnaire 
designed to obtain information on demographics and ani- 
mal ownership was completed. Questions mainly con- 
cerned occupation, education level, dog ownership and 
number, frequency of dog contact, fox hunting, drinking 
water source, and hygienic practices. 

Screening and Diagnostic Criteria for Echinococcosis 

All participants were examined by abdominal ultra- 
sound; those with space-occupying lesions in the liver 
were asked to give venous blood samples to detect 
Echinococcus antibody by using enzyme-linked 
immunosorbent assay (ELISA) and immunoblot with E. 
granulosus hydatid cyst fluid as antigen (6-8), as well as 


specific antibodies against E. multilocularis using ELISA 
and immunoblot with recombinant Em 18 antigen (9,10). 
Diagnosis of human echinococcosis is mainly dependent 
on pathognomonic ultrasound images complemented by 
serum antibody confirmation of suspect CE/AE images 
(6,11). Investigators used the criteria for classification pro- 
posed by the World Health Organization Informal Working 
Group on Echinococcosis for CE (11), and the PNM sys- 
tem for classification of human AE, in which P stands for 
hepatic location of the parasite, N refers to extrahepatic 
involvement of neighboring organs, and M stands for 
absence or presence of distant metastases (12). CE Cases 
were defined as follows: 1) presence of characteristic cyst- 
like images detected on abdominal ultrasound and a posi- 
tive ELISA result with hydatid cyst fluid antigen; 2) 
presence of pathognomonic cyst images detected on 
abdominal ultrasound, but negative by ELISA (Figure 2). 
In addition, CE cases, on the basis of the conformational 
features of cysts, were differentiated into 6 types (CL, 
CEl, CE2, CE3, CE4, and CE5 ) and subdifferentiated by 
size into 3 subtypes (small [s], medium [m], and large [1]) 
within each type. A case of AE was defined as follows: 1) 
presence of pathognomonic progressive AE type lesion 
detected on abdominal ultrasound, regardless of serologic 
results; 2) presence of calcified lesions, 1-3 cm in diame- 
ter, or nodular hyperechoic lesions detected on abdominal 
ultrasound and seropositive against recombinant Eml8; 
and 3) presence of a calcified lesion (1-3 cm in diameter) 
detected by abdominal ultrasound and negative for anti- 
bodies to the recombinant Eml8 antigen but positive by 
ELISA, with hydatid cyst fluid (Figure 3). 


Statistical Analysis 

All analyses were performed by using Epilnfo version 
5.01a (Centers for Disease Control and Prevention, 
Atlanta, GA, USA). Statistical significance was set at 

p<0.01. 



Figure 2. Lesions of cystic echinococcosis (CE) by abdominal 
ultrasound examination. A) CE lesion with distinct rim. B) Typical 
CE lesion with daughter cysts. C) Calcified CE lesion after 
chemotherapy. 
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Figure 3. Lesions of alveolar 
echinococcosis (AE) by abdomi- 
nal ultrasound examination. A) 
Calcified lesion: hyperechoic 
structure with a typical posterior 
shadow. B) Nodular hyperechoic 
lesion. C) Typical AE lesion: 
nonhomogeneous hyperechoic 
partially calcified area, without 
central necrosis. D) Typical AE 
lesion with central necrosis. 


Results 

In this study, 84 (2.6%) of 3,199 participants examined 
by abdominal ultrasound scanning were determined to 
have an intrahepatic mass with a nonhomogeneous hyper- 
echoic structure that contained scattered calcifications, and 
with irregular, poorly defined edges. A central necrotic 
cavity with a hypoechoic pseudoliquid structure and irreg- 
ular borders was observed in 79 (2.5%) additional persons. 
In 53 of these participants the infiltrative lesions measured 
>10 cm in diameter and invaded or surrounded vascular 
structures, biliary structures, or both. In the other 26 per- 
sons, the lesions were nodular, were 3-5 cm in diameter at 
the longest dimension, and had calcifications. Calcified 
lesions, 1-3 cm in diameter, were observed in 20 persons. 
Thus, 163 persons were confirmed by ultrasound scanning 
to have AE infection, and 46 were suspected of having AE. 
Confirmatory serodiagnostic tests were performed in 
Japan and China, respectively. Serodiagnosis with the 
EgCE antigen in ELISA was positive in 93 of 94 persons 
with typical images of AE, 24 of 25 persons with nodular 
lesions, and 11 of 20 persons with calcified lesions. 
Additional serologic testing with the rEml8 antigen in 


ELISA and immunoblot was positive in 101 of 102 persons 
with typical images of AE, 16 of 25 with nodular lesions, 
and 8 of 14 with calcified lesions (Table 1). Therefore, pos- 
itive confirmative serology in 35 study participants with a 
suspect AE image of a nodular lesion or calcified lesion 
indicated infection with AE. Another patient with a suspect 
AE image of a nodular lesion in the liver refused to give 
venous blood, so confirmative serologic tests could not be 
performed on him, and this case was not counted in the AE 
category. Thus, of 46 study participants with a suspect AE 
image, 35 were finally diagnosed as having AE. A total of 
198 (6.2%) of 3,199 persons studied were determined to be 
infected with AE on the basis of abdominal ultrasound 
images and confirmatory serologic results; 15 (38.5%) of 
39 infected persons had inactive, or abortive AE lesions. 
Ninety-five single AE lesions were located in the right 
hepatic lobe, and 31 were in the left hepatic lobe. 
Involvement of both right and left hepatic lobes by a sin- 
gle lesion was observed in 17 patients. In 55 cases, >2 dis- 
tinct foci were observed. 

In addition, an ultrasound image of CE in the liver was 
detected in 216 (6.8%) of 3,199 study participants exam- 


Table 1 . Serologic results for screened study participants with a suspected lesion of alveolar (AE) or cystic (CE) echinococcosis at 
ultrasound examination* 



Serology with rEm18 

Serology with EgCFf 

Ultrasound image 

No. cases 

No. tested sera 

No. positive sera 

No. tested sera 

No. positive sera 

Typical image of AEf 

163 

102 

101 

94 

93 

Image of suspected AE 

Nodular lesion 

26 

25 

16 

25 

24 

Calcified lesion 

20 

14 

8 

20 

11 

Image of CE 

CL 

10 

9 

0 

8 

5 

CE1 

75 

42 

4 

60 

55 

CE2 

54 

25 

3 

38 

38 

CE3 

23 

18 

3 

16 

16 

CE4 

48 

26 

2 

34 

26 

CE5 

6 

3 

0 

5 

5 

Total 

425 

264 

137 

300 

273 


*27.5% of study population refused to provide blood samples for serology. The data only include those study participants with a suspected lesion of AE or 


CE; other abnormal findings observed at hepatic ultrasound examination, such as hemangioma, biliary cyst, and gallstone, are not presented. 
fEgCF, Echinococcus granulosus hydatid cyst fluid. 

JTypical image of AE is a nonhomogeneous, hyperechoic structure with or without a central necrotic cavity. 
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ined. In 10 cases, ultrasound images showed unilocular, 
cystic lesions with uniform anechoic content, without visi- 
ble cyst wall, all <5 cm; they were considered to be type 
CLs. Images characterized by unilocular, simple cyst with 
uniform anechoic content and visible cyst wall, some 
exhibiting a snowflake image (7 images <5 cm, 42 images 
ranging from 5 to 10 cm, and 26 images >10 cm) were 
observed in 75 patients; they were determined to be Type 
CE1(7 CEls, 42 CElm, 26 CEll); In 54 patients, images 
exhibited multivesicular or multiseptate cysts with a wheel- 
like appearance; others displayed unilocular cysts with 
daughter cysts with a honeycomb appearance. Eight of 
these images were <5 cm, 16 images were 5-10 cm, and 30 
images were >10 cm; all of these images belonged to type 
CE2 (8 CE2s, 16 CE2m, 30 CE21). In 23 cases, images 
were characterized by anechoic content with detachment of 
laminated membrane from the cyst wall, visible as a water- 
lily design; some had a unilocular cyst containing daughter 
cysts, but the whole cyst form was less rounded. Eive of 
these cysts were <5 cm, 13 cysts were 5-10 cm, and 5 cysts 
were >10 cm; all were confirmed to be type CE3 (5 CE3s, 
13 CE3m, 5 CE31). In 48 cases, cysts had hyperechoic 
degenerative contents without daughter cysts. Seventeen of 
these cysts were <5 cm, 19 were 5-10 cm, and 12 cysts 
were >10 cm; these images belonged to type CE4 (17 
CE4s, 19 CE4m, 12 CE4). Cysts characterized by thick, 
calcified walls in an arch-shaped form with a cone-shaped 
shadow, were observed in 6 cases; 3 had images <5 cm, and 
3 had cysts 5-10 cm in size; these were determined to be 
type CE5 (3 CE5s, 3 CE5m). In 18 cases, >1 cystic lesions 
were identified in the abdominal cavity in addition to the 
liver cysts. In 5 cases, additional cysts were found in the 
spleen; in 3 cases, additional cysts were found in the pelvic 
cavity; and in 1 case, a cyst was also found in the kidney. 
Serologic results in these study participants with CE at 
ultrasound examination are shown in Table 1 . 
Serodiagnosis using the EgCE antigen in ELISA was nega- 
tive in 16 of 161 persons with CE; 12 of 123 persons with 
CE were seropositive with rEml8 by ELISA and 
innnunoblot (Table 1). No mixed infections were observed. 

Distribution by Sex and Age 

Of 414 persons with evidence of abdominal echinococ- 
cosis, 244 (CE = 134, AE = 110) were female patients, and 
170 (CE = 82, AE = 88) were male. Thus, the prevalence 
of echinococcosis in female patients was 14.7% 
(244/1,660), and 11.0% (170/1,539) in male patients. 
Thus, prevalence in female patients was significantly high- 
er than in males (%^ =9.46, p<0.01). Compared with other 
older groups, the population <20 years of age had a lower 
infection prevalence (5.4%). In general, prevalence 
increased with age and reached a peak in the age group of 
>50 to <60 (Eigure 4). The prevalence in the age group of 
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Figure 4. Human prevalences of echinococcosis by age groups. 
HD, hydatidosis; CE, cystic echinococcosis; AE, alveolar 
echinococcosis. 


>10 to <20 years was significantly lower than in the age 
group of >20 to <30 years (x^ = 10.20, p<0.01). The 
youngest person infected with CE was 4 years of age, the 
oldest one was 79 years, and the average age of persons 
with CE was 39.0 years (n = 216). The youngest persons 
with AE was 8 years of age, the oldest 80 years, and the 
average age of AE patients was 43.1 years (n = 198) 
(Eigure 5). 

Village Prevalence 

In this study 2,033 persons were screened for 
echinococcosis from 26 villages in the townships of Yiniu, 
Mengsha, Arizha, Xiazha, and Qiwu within Shiqu County; 
226 infected cases were detected. The overall township 
prevalence of echinococcosis was 11.1% (range 7.4%- 
15.1%); 6.2% of patients were diagnosed with AE and 
4.9% with CE disease. The highest village prevalences for 
AE and CE were 14.3% and 12.1%, respectively (Table 2). 

Other Risk Factors 

Occupation was a major risk factor. Herdsmen had the 
highest risk for echinococcosis infection, with a total preva- 
lence of 19.0% (322/1,692, p<0.01); the AE prevalence was 
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Figure 5. Prevalences of echinococcosis by sex and age groups. 
HD, hydatidosis. 
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9.5% (160/1,692), and the CE prevalence was 9.6% 
(162/1,692). Part-time herdsmen had a 12.7% prevalence 
of echinococcosis. Students and preschool children had a 
lower prevalence (2.8% and 3.0%), while illiterate adoles- 
cents were more heavily infected (14.3%) = 21.17, 

p<0.01) (Table 3). 

A total of 2,811 of 3,199 persons examined answered 
the question about dog ownership. Of these, 496 said they 
did not own dogs; 2,315 (82.4%) persons had various num- 
bers of dogs (range 1-9). Analysis indicated that the popu- 
lation without owned dogs had a total echinococcosis 
prevalence of 8.3% (41/496) (CE = 4.4%, AE = 3.8%). In 
contrast, persons who owned dogs had a total echinococ- 
cosis prevalence of 15.6% (360/2,315) (CE = 8.0%, AE = 
7.5% [Table 4]). 

To a certain extent, education can determine occupation 
choice and lifestyle. Our results implied that prevalence of 
echinococcosis had some relationship with the level of 
education. Among herdsmen, 1,469 (86.8%) of 1,692 were 


illiterate; the prevalence in this subgroup reached 
20.0%(293/l,469), the highest rate in the sampled popula- 
tion. The prevalence in self-identified literate herdsmen 
was 13.0% (29/223). Among illiterate adolescents, 14.3% 
were infected. Persons with only primary school education 
had a 6.0% (53/882) combined infection prevalence, and 
those with middle school education 9.1% (29/318). 
Persons with university education had an infection rate of 
6.3% (17/268), and preschool children had an echinococ- 
cosis infection prevalence of 2.9% (3/105). 

Pox hunting was also a risk factor. A total of 2,841 of 
3,199 persons examined replied to the question about fox 
hunting. Results showed that the total prevalence of 
echinococcosis in populations who said that they neither 
hunted foxes nor kept fox skin products was 7.6% (29/384) 
(AE = 3.4%, CE = 4.2%), compared to a prevalence of 
15.2% (368/2,427) (CE = 7.8% and AE = 7.4%) for per- 
sons who said they kept fox skin products that they had 
purchased, and 10% (3/30) (CE = 3 and AE = 0) in persons 


Table 2. Prevalence of echinococcosis determined by abdominal ultrasound in 26 villages, Shiqu County* 


No. cases (%) 


Township 

Village 

No. examined 

AE 

CE 

Total 

Yiniu 

Benril 

88 

9(10.2) 

3 (3.4) 

12(13.6) 


Benri2 

77 

4(5.2) 

0 

4(5.2) 


BenriS 

57 

5 (8.8) 

0 

5 (8.8) 


Jiefangl 

64 

5 (7.8) 

4(6.3) 

9(14.1) 


Jiefang2 

83 

11 (13.3) 

2 (2.4) 

13(15.7) 


Yiniul 

137 

12(8.8) 

6 (4.4) 

18(13.1) 


Yiniu2 

87 

10(11.5) 

1 (1.1) 

11 (12.6) 


Subtotal 

593 

56 (9.4) 

16(2.7) 

72(12.1) 

Mengsha 

Mengshal 

52 

3 (5.8) 

6(11.5) 

9(17.3) 


Mengsha2 

39 

0 

2(5.1) 

2(5.1) 


MengshaS 

33 

2(6.1) 

2(6.1) 

4(12.1) 


Xinrongl 

95 

12(12.6) 

7 (7.4) 

19(20.0) 


Xinrong2 

22 

1 (4.5) 

1 (4.5) 

2(9.1) 


XinrongS 

30 

2 (6.7) 

3(10.0) 

5(16.7) 


Subtotal 

271 

20 (7.4) 

21 (7.7) 

41 (15.1) 

Arizha 

Arizhal 

48 

1 (2.1) 

3 (6.3) 

4(8.3) 


Arizha2 

33 

2(6.1) 

4(12.1) 

6(18.2) 


ArizhaS 

59 

5 (8.5) 

0 

5 (8.5) 


Arizha4 

62 

5(8.1) 

1 (1-6) 

6 (9.7) 


ArizhaS 

35 

5(14.3) 

0 

5(14.3) 


Arizhae 

44 

3 (6.8) 

2 (4.5) 

5(11.4) 


Arizha? 

42 

3(7.1) 

1 (2.4) 

4(9.5) 


Subtotal 

323 

24 (7.4) 

11 (3.4) 

35(10.8) 

Xiazha 

Xiazha 

266 

10(3.8) 

13(4.9) 

23 (8.6) 


Ase 

104 

5 (4.8) 

6 (5.8) 

11 (10.6) 


Taxu 

153 

8 (5.2) 

12(7.8) 

20(13.1) 


Subtotal 

523 

23 (4.4) 

31 (5.9) 

54(10.3) 

Qiwu 

Qiwu 

219 

2 (0.9) 

16(7.3) 

18(8.2) 


Getuo 

78 

0 

3 (3.8) 

3 (3.8) 


Juewu 

26 

1 (3.8) 

2 (7.7) 

3(11.5) 


Subtotal 

323 

3 (0.9) 

21 (6.5) 

24 (7.4) 


Total 

2033 

126 (6.2) 

100 (4.9) 

226(11.1) 


*Calculations of village prevalence were based on a lower number of participants than the total study population because 1 ,166 study participants, 
including public servants, teachers, businessmen working in the area, and additional herdsmen from other townships in the vicinity of Shiqu County also 
participated in this survey. AE, alveolar echinococcosis; CE, cystic echinococcosis. 
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Table 3. Human prevalence of echinococcosis by patient occupation* 


Occupation 

No. examined 


No. cases (%) 


CE 

AE 

Total 

Herdsman 

1,692 

162 (9.6) 

160 (9.5) 

322(19.0) 

Parttime herdsman 

79 

8(10.1) 

2 (2.5) 

10(12.7) 

Farmer 

35 

0 

1 (2.9) 

1 (2.9) 

Student 

611 

8(1.3) 

9(1.5) 

17(2.8) 

Public servant 

315 

11 (3.5) 

9 (2.9) 

20 (6.3) 

Employee 

69 

3 (4.3) 

0 

3 (4.3) 

Businessman 

17 

1 (5.9) 

1 (5.9) 

2(11.8) 

Preschooler 

101 

3 (3.0) 

0 

3 (3.0) 

Illiterate child 

63 

8(12.7) 

1 (1.6) 

9(14.3) 

Others 

217 

12(5.5) 

15(6.9) 

27(12.4) 

Total 

3,199 

216(6.8) 

198 (6.2) 

414(12.9) 

*CE, cystic echinococcosis: AE, alveolar echinococcosis. 


who said they kept fox skin products that they obtained by 
hunting. 

Discussion 

In this mass screening study of Tibetan communities, 
portable ultrasound examination combined with specific 
serologic tests was used for the diagnosis of both CE and 
AE. Survey results indicated that human echinococcosis is 
a serious public health problem for the inhabitants of this 
area, for whom a 12.9% overall prevalence was recorded. 
In comparison with reports on human echinococcosis in 
other areas, including other areas of China, the prevalence 
in northwest Sichuan Province was much higher for both 
CE and AE (1,3,12,13). The prevalence of CE was higher 
than in other recognized echinococcosis-endemic areas of 
the world, including North Africa, South America, Russia, 
and the Middle East (1,12,14,15). Previous ultrasound- 
based surveys for human AE have shown regional preva- 
lences of <0.05% in continental Europe to 4% in Gansu 
Province in central northwest China (16,17). The most 
striking observation, however, was that both AE and CE 
were co-endemic in this area of Sichuan, with a prevalence 
of 6.8% for CE and 6.2% for AE. Only parts of Turkey, 
Central Asia, and Siberia have been identified as co- 
endemic for both human CE and AE (1,14). 

In Shiqu County, China, analysis of human CE and AE 
indicated that prevalence of disease in female patients was 
significantly higher (14.7%) than in male patients (11.0%). 
According to traditional Tibetan custom, women are usu- 


ally responsible for home chores, including feeding dogs, 
collecting yak dung for fuel, and milking livestock. Thus, 
women and girls may have more opportunity to be exposed 
to Echinococcus-mfQcitd dogs and the contaminated envi- 
ronment. 

The infection prevalence for both CE and AE for per- 
sons in the age groups <20 years was markedly lower than 
those of other age groups. Prevalence reached a peak 
among the >50- to 60-year age group. The presence of CE 
or AE in persons as young as 4 and 8 years, respectively, 
indicates recent active transmission. In general, CE or AE 
infection increased with age. However, among persons >60 
years of age prevalence of both AE and CE declined, a sit- 
uation consistent with previous reports (4,15,18); this find- 
ing may be associated with early death of persons infected 
with forms of echinococcosis, particularly with AE. A 
recent analysis of the relative health impact of echinococ- 
cosis in these Tibetan connnunities showed that CE and AE 
caused an average of 0.8 disability-adjusted life years lost 
per person (19), which is an exceptional value. 

This analysis showed that AE infection varied from 0% 
to 14.3% by village and that CE village prevalence ranged 
from 0% to 12.1%. A trend of gradual decrease in AE in 
villages from north to south (9.4% vs. 0.9% in the 5 town- 
ships surveyed) was observed. 

Several factors may contribute to the high prevalence of 
human AE in this Tibetan population. High densities of 
small mammals are essential to maintaining the transmis- 
sion cycle of E. multilocularis, and small mammal popula- 


Table 4. Human prevalence of echinococcosis by patient ownership of dogs, Sichuan Province, China* 


No. cases (%) 


No. owned dogs 

No. examined persons 

CE 

AE 

Total 

0 

496 

22 (4.4) 

19(3.8) 

41 (8.3) 

1 

889 

67 (7.5) 

65 (7.3) 

132(14.8) 

2 

835 

61 (7.3) 

66 (7.9) 

127(15.2) 

3 

414 

38 (9.2) 

29 (7.0) 

67(16.2) 

>4 

177 

19(10.7) 

14(7.9) 

33(19.2) 

Total 

2,811 

207 (7.4) 

193 (6.9) 

400(14.2) 


*CE, cystic echinococcosis: AE, alveolar echinococcosis. 
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tions are also subject to ecologic changes, such as defor- 
estation or pasture overgrazing (16,20-22). The involve- 
ment of dogs as well as foxes in transmission in eastern 
Tibet, together with lack of hygiene and probable contam- 
ination of the local peridomestic environment, seem to be 
additional major factors (23,24). For the 5 townships locat- 
ed in the central area of Shiqu County, the geographic con- 
ditions, apparent ecologic factors, life style, religion, 
livestock production, and dog ownership practices appear 
to be similar; however, human AE village prevalence was 
markedly variable. We had previously observed that local 
differences in small mammal abundance over time, possi- 
bly associated with overgrazing practices may contribute 
to variable township AE disease rates (22). 

This survey disclosed that 86.8% of herdsmen were 
illiterate; 20% of them had either CE or AE disease. 
Consequently, improving the knowledge and awareness of 
the disease among the traditional nomadic population is 
imperative in any future control or prevention studies. 
Analysis indicated that both CE and AE risk was related to 
dog ownership (p<0.01), contact with dogs (p<0.01), 
source of drinking water, and general hygiene (p<0.01). 
While the role of domestic and working dogs as the major 
definitive host for E. granulosus is clear, such is not the 
case for E. multilocularis . Of particular interest therefore 
was the strong association between human AE risk and dog 
ownership or contact. Evidence from community studies in 
other parts of China (16), the United States (25), and 
Germany (26) increasingly show that the domestic dog 
plays a key role in the zoonotic risk for human AE. 

Dogs are kept in large numbers by Tibetans and are 
used primarily to guard property and livestock. In this sur- 
vey, 82.4% of the population owned dogs, and 21% owned 
>3 dogs. Buddhist practice forbids killing any animal, 
including dogs, and this practice leads to large numbers of 
stray dogs, which mainly gather around temples or town- 
ships, where they are fed by monks and herdsmen. Dogs 
also are predators of small mammals on adjacent pastures; 
these dogs are usually fed by herdsman with offal (includ- 
ing liver and lungs) of sheep and yaks during slaughtering 
season. Necropsy of intestines of stray dogs in 1995 in this 
region showed a 29.5% prevalence for E. granulosus and 
11.5% for E. multilocularis (27,28). A recent diagnostic 
purgation study of dogs in this area demonstrated E. mul- 
tilocularis prevalence of 12% and an E. granulosus preva- 
lence of 8% (29). Foxes are the main sylvatic hosts of E. 
multilocularis, and both the Tibetan fox (Vulpes ferrilata) 
and the red fox (V vulpes) are common on the Qinghai- 
Tibet plateau. A previous report showed a high prevalence 
of E. multilocularis in the Tibetan fox (59.1%) and red fox 
(57.1%) (28) in this area. Furthermore, Qiu et al. observed 
in 1995 the existence of E. strobilae in Tibetan foxes with 
morphologic characteristics distinct from E. multilocularis 


adults but considered it to be a variant of E. multilocularis. 
These specimens and new samples have been shown to be 
a new species of taeniid cestode belonging to the genus E. 
Rudolphi (30). However, whether the new species is 
involved in the transmission of a third form of human 
echinococcosis in this region has yet to be determined. 

This study was supported by the Ecology of Infectious 
Disease Program of the National Institutes of Health and National 
Science Foundation, USA (IROl Twol565-01) and by the 
Sichuan Provincial Department of Health, China. 
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Porcine Noroviruses Related to 
Human Noroviruses 

Qiu-Hong Wang,* Myung Guk Han,* Sonia Cheetham,* Menira Souza,* 

Julie A. Funk,t and Linda J. Saif* 


Detection of genogroup II (Gll) norovirus (NoV) RNA 
from adult pigs in Japan and Europe and Gll NoV antibod- 
ies in US swine raises public health concerns about 
zoonotic transmission of porcine NoVs to humans, 
although no NoVs have been detected in US swine. To 
detect porcine NoVs and to investigate their genetic diver- 
sity and relatedness to human NoVs, 275 fecal samples 
from normal US adult swine were screened by reverse 
transcription-polymerase chain reaction with calicivirus 
universal primers. Six samples were positive for NoV. 
Based on sequence analysis of 3 kb on the 3' end of 5 
porcine NoVs, 3 genotypes in Gll and a potential recombi- 
nant were identified. One genotype of porcine NoVs was 
genetically and antigenically related to human NoVs and 
replicated in gnotobiotic pigs. These results raise concerns 
of whether subclinically infected adult swine may be reser- 
voirs of new human NoVs or if porcine/human Gll recombi- 
nants could emerge. 

N oroviruses (NoVs) (family Caliciviridae, genus 
Norovirus) cause diarrhea in humans and animals 
(1-3). The NoV genome is 1 3-1.1 kb long with 3 open 
reading frames (ORFs) encoding a polyprotein that under- 
goes protease processing to produce several nonstructural 
proteins, including an RNA-dependent RNA polymerase 
(RdRp), a major capsid protein (VPl, capsid), and a minor 
capsid protein (VP2) (1,4,5). The capsid protein contains 
a conserved shell (S) and hypervariable protruding (P) 
domains (6). Noroviruses are genetically diverse and 
make up 27 genotypes within 5 genogroups, GI/1-8, 
GII/1-17, GIII/1-2, GIV, and GV, based on the capsid 
genes of 164 strains (7). Human NoVs cause an estimated 
23 million cases of illness annually in the United States 
(8) and >90% of nonbacterial epidemic gastroenteritis 
worldwide (1). The low infectious dose, environmental 
resistance, strain diversity, shedding from asymptomatic 
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persons, and varied transmission vehicles render human 
NoVs highly contagious. 

Norovirus RNA was detected by reverse transcrip- 
tion-polymerase chain reaction (RT-PCR) in 4 of 1,017 
normal slaughtered pigs in Japan (9) and in 2 of 100 
pooled pig fecal samples in the Netherlands (10). These 
porcine NoVs (Sw43/97/JP, Sw918/97/JP, and 34/98/NET) 
are genetically similar and are classified into GII (9,10), 
like most epidemic human NoVs (11-13). Also, the virus- 
like particles (VLPs) of Sw918 strain cross-react with anti- 
bodies against human GII but not GI NoVs (14). The close 
genetic and antigenic relationships between human and 
porcine NoVs raise public health concerns regarding their 
potential for zoonotic transmission and as reservoirs for 
emergence of new epidemic human strains. 

Farkas et al. (14) reported that US swine sera react with 
Po/NoV/GII/Sw918 strain, but no direct detection of NoV 
from US swine has been reported. To detect porcine NoVs 
and assess their genetic diversity and relatedness to human 
NoVs, we screened 275 pig fecal samples from US swine 
by RT-PCR with a calicivirus universal primer pair 
p290/110 targeting the RdRp region (15,16), followed by 
sequencing the 3 kb on the 3' end of the genome for 5 NoV 
strains. Gnotobiotic pigs were inoculated with porcine 
NoVs to examine their infectivity and to produce convales- 
cent-phase antiserum for antigenic analysis. 

Materials and Methods 

Fecal samples (N = 275) were collected from December 
2002 to June 2003 from finisher (10-24 weeks of age) pigs 
and gestating sows (>1 year of age) from 3 Ohio swine 
farms (10, 60, and 32 samples), 1 Ohio slaughterhouse (83 
samples), 1 Michigan swine farm (61 samples), and 2 
North Carolina swine farms (8 and 21 samples). Fresh 
fecal samples were collected from individual pigs, placed 
into sterile containers, and stored frozen. 

Sample RNA was extracted from 10% to 20% of fecal 
suspensions in sterile Eagle minimal essential medium 
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(EMEM, Invitrogen, Carlsbad, CA, USA) by using Trizol 
LS (Invitrogen). Eor some samples, RNA was concentrat- 
ed and purified by using QIAamp Viral RNA Mini kit 
(Qiagen, Valencia, CA, USA). 

RT-PCR was performed separately by using primer pair 
p290 (5'-GATTACTCCAAGTGGGACTCCAC-3') (15) 
and pi 10 (5'-ACDATYTCATCATCACCATA-3') (16) as 
previously described (15) but at 48°C for annealing (317 
bp for NoV or 329 bp for sapovirus). To amplify the 3-kb 
3' end fragment, cDNA was synthesized by Superscript III 
Eirst-Strand cDNA synthesis kit (Invitrogen) with primer 
VN 3 T 20 ( 5 '-GAGTGACCGCGGCCGCT 2 o- 3 '). PCR was 
then performed with TaKaRa Ex Taq polymerase (TaKaRa 
Mims Bio, Madison, WI, USA) with primers p290 and 
VN 3 T 20 . Quantitative (endpoint titration) RT-PCR (17) was 
performed with primer pair PNV7 (5'-AGGTGGTGGCC- 
GAGGAYCTCCT-3') and PNV 8 (5'-TCACCATAGAAG- 
GARAAGCA-3') targeting the RdRp (211 bp) of QWlOl 
strain. 

RT-PCR products were purified with the QIAquick Gel 
Extraction kit (Qiagen) before cloning into pCR2.1-TOPO 
(T/A) or PCR XL cloning kit (Invitrogen). Live clones of 
each sample were sequenced. DNA sequencing was per- 
formed with BigDye Terminator Cycle and 3730 DNA 
Analyzer (Applied Biosystems, Eoster City, CA, USA). 

Sequence editing was performed by Lasergene software 
package (v5, DNASTAR Inc., Madison, WI, USA). The 
Basic Local Alignment Search Tool (BLAST, 
http://www.ncbi.nlm.nih.gov/BLAST) was used to find 
homologous hits. Multiple sequence alignment was per- 
formed with ClustalW (vl.83) at DNA Data Bank of Japan 
(http://www.ddbj.nig.ac.jp). Phylogenetic and bootstrap 
( 1,000 replicates) analyses were conducted by using 
MEGA (v2.1) (18). Identification of recombinants was per- 
formed by using the Recombinant Identification Program 
(RIP, http://hivweb.lanl.gov/RIP/RIPsubmit.html) (19). 
The classification and GenBank accession numbers of 
NoVs are listed in Table 1. 

Pour gnotobiotic pigs were maintained and euthanized 
as previously described (25,26). The inoculate was a 20% 
fecal filtrate (0.2 qm) in EMEM of the QW126 or QW144 
(QWlOl-like, GII-18) strains or EMEM only (2 negative 
control pigs). One pig was inoculated with QW126 orally 
and intranasally at 9 days of age, and convalescent-phase 
antiserum LL616 was collected at postinoculation day 
(PID) 26. A second pig was inoculated with QW144 oral- 
ly at 35 days of age and euthanized at PID 5. 

Immune electron microscopy (IBM) was performed as 
described previously (27). Eor enzyme-linked immunosor- 
bent assay (ELISA), the recombinant baculovirus- 
expressed human NoV VLPs and rotavirus VP2 and VP 6 
(2/6)-VLPs (negative control) (28) were CsCl-gradients 
purified. We coated 96-well microplates with VLPs (200 


ng/well) in carbonate buffer (pH 9.6) and blocked with 5% 
nonfat dry milk in phosphate-buffered saline (PBS)-Tween 
20 (0.05%). Serially diluted serum samples that included 
positive and negative controls were added to duplicate pos- 
itive- and negative-coated wells, and the plates were incu- 
bated. After washing, horseradish peroxidase (HRP)- 
labeled goat anti-pig immunoglobulin G (IgG) (H -H L) for 
pig sera or goat anti-human IgG -H IgA -H IgM (H -H L) 
(KPL, Gaithersburg, MD, USA) for human serum was 
added. After incubation and washing, the substrate 
3,3',5,5'-tetramethylbenzidine was added. The cutoff value 
was the mean absorbance of the negative coatings multi- 
plied by 2 . 

Western blot was performed as described previously 
(29). Nitrocellulose membranes were incubated with pig 
convalescent-phase antiserum LL616 against porcine GII- 
18 NoV or negative control serum in PBS containing 4% 
nonfat dry milk followed by goat anti-pig IgG (H -H L)- 
HRP conjugate. 

Results 

Porcine NoVs were classified into 3 genotypes within 
GII based on the complete capsid sequences: 1 genotype 
with prototype Japanese strains Sw43 and Sw918 and 2 
new genotypes. A total of 19 of 275 samples showed a 
potential positive band after agarose gel electrophoresis of 
the RT-PCR products of primer pair p290/110. Pourteen 
samples representative of each potentially positive farm or 
the slaughterhouse were sequenced. After performing 
BLAST search, we identified 6 NoVs (QW48, Michigan 
farm A; QWlOl, QW125, and QW126, Ohio farm B; and 
QW170 and QW218, Ohio slaughterhouse), 3 sapoviruses, 
and 5 sequences that had no significant hit in the database. 
Because the QW126 shared 99% nucleotide (nt) identity 
with the QWlOl and QW125 strains in the 274-nt RdRp 
region, it was not sequenced further. 

We sequenced the 3-kb 3' end of the genome contain- 
ing the partial RdRp, VPl and VP2 genes, and the 3' 
untranslated region of the 5 strains. The porcine NoVs rep- 
resented 3 distinct clusters: 1) Sw43, Sw918, and QW48; 
2) QWlOl and QW125; and 3) QW170 and QW218, on 
the basis of the size of each gene and the ORP1-ORP2 
overlap region (Table 2). Across the 3 kb, the QWlOl and 
QW125 strains and the QW170 and QW218 strains shared 
99% nt identity. 

The amino acid identity of the predicted complete and 
S and P domains of the capsid protein of the 5 porcine 
NoVs, the previously reported porcine NoVs (Sw43 and 
Sw918), and representative human, bovine, and murine 
NoV strains is sunnnarized in Table 3. In the complete cap- 
sid, the QW48 strain was most closely related to the 
porcine NoV prototype Sw43 strain (98% amino acid iden- 
tity); the QW170 and QW218 strains shared the highest 
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amino acid identities (81%) to porcine Sw43 and Sw918 
strains; the QWlOl and QW125 strains showed the high- 
est amino acid identity to human GII- 3/Mexico (71.4%), 
then to human GII-6/Baltimore (71.0%), porcine QW218 
(71.0%), and porcine Sw43 (70.6%) strains. The S and P 

domains of these No Vs showed similar relationships. A 
neighbor-joining phylogenetic tree based on the amino 
acid sequences of the complete capsids (Figure 1) showed 
that QW48 grouped with Sw43 and Sw918 strains into 
GII-11 and that QW170 and QW218 formed a new 

Table 1 . Classification and GenBank accession numbers of norovirus (NoV) strains used for sequence analysis* 

Strain 

Genus/genogroup-genotype 

Abbreviation 

GenBank accession no. 

Hu/Norwalk/68/US 

NoV/GI-1 


Norwalk 

M87661 

Hu/Hawaii/71/US 

NoV/GII-1 


Hawaii 

U0761 1 

Hu/Melksham/89/UK 

NoV/GII-2 


Melksham 

X81879 

Hu/Snow Mountain/76/US 

NoV/GII-2t 


Snow Mountain 

AVI 34748 

Hu/Mexico/89/MX 

NoV/GII-3 


Mexico 

U22498 

Hu/Toronto/91 /CA 

NoV/GII-3 


Toronto 

U02030 

Hu/SaitamaU18/97-99/JP 

NoV/GII-3 


SaitamaU18 

AB039781 

Hu/SaitamaU201/98/JP 

NoV/GII-3 


SaitamaU201 

AB039782 

Hu/Arg320/ARG 

NoV/GII-3t 


Arg320 

AF190817 

Hu/Camberwell/1 01 922/94/AUS 

NoV/GII-4 


Camberwell 

AF1 45896 

Hu/Lordsdale/93/UK 

NoV/GII-4 


Lordsdale 

X86557 

Hu/Bristol/93/UK 

NoV/GII-4 


Bristol 

X76716 

Hu/MDI 45-1 2/87/US 

NoV/GII-4 


MD145 

AY032605 

Hu/Farmington Hills/02/US 

NoV/GII-4 


Farmington Hills 

AY502023 

Hu/Langen1061/02/DE 

NoV/GII-4 


Langen 

AY485642 

Hu/Hillingdon/93/UK 

NoV/GII-5 


Hillingdon 

AJ277607 

Hu/New Orleans 306/94/US 

NoV/GII-5 


New Orleans 

AF414422 

Hu/Baltimore/274/1 993/US 

NoV/GII-6 


Baltimore 

AF414408 

Hu/SaitamaU3/97/JP 

NoV/GII-6 


SaitamaU3 

AB039776 

Hu/SaitamaU4/97/JP 

NoV/GII-6 


SaitamaU4 

AB039777 

Hu/SaitamaU16/97/JP 

NoV/GII-6 


SaitamaUie 

AB039778 

Hu/SaitamaU17/97/JP 

NoV/GII-6 


SaitamaU17 

AB039779 

Hu/Seacroft/90/UK 

NoV/GII-6t 


Seacroft 

AJ277620 

Hu/Leeds/90/UK 

NoV/GII-7 


Leeds 

AJ277608 

Hu/Gwynedd/273/94/US 

NoV/GII-7 


Gwynedd 

AF414409 

Hu/Amsterdam/98-1 8/98/NET 

NoV/GII-8 


Amsterdam 

AF1 95848 

Hu/SaitamaU25/97-99/JP 

NoV/GII-8 


SaitamaU25 

AB039780 

HU/VA97207/97/US 

NoV/GII-9t 


VA97207 

AY038599 

Hu/NLV/Erfurt/546/OO/DE 

NoV/GII-10 


Erfurt 

AF427118 

Hu/Mc37/00-01/THA 

NoV/GII-IOt 


Mc37 

AY237415 

Po/Sw43/97/JP 

NoV/GII-11 


Sw43 

AB074892 

Po/Sw918/97/JP 

NoV/GII-11 


Sw918 

AB074893 

PO/MI-QW48/02/US 

NoV/GII-11 


QW48 

AY823303 

Hu/Gifu/96/JP 

NoV/GII-12t 


Gifu 

AB045603 

HU/Wortley/90/UK 

NoV/GII-12t 


Wortley 

AJ277618 

Hu/SaitamaU1/97-99/JP 

NoV/GII-12t 


SaitamaUI 

AB039775 

Hu/Fayetteville/98/US 

NoV/GII-13 


Fayetteville 

AY1 13106 

HU/M7/99/US 

NoV/GII-14 


M7 

AY1 30761 

HU/J23/99/US 

NoV/GII-15 


J23 

AY1 30762 

Hu/Tiffin/99/US 

NoV/GII-16 


Tiffin 

AY502010 

Hu/Neustrelitz260/00/DE 

NoV/GII-16 


Neustrelitz 

AY772730 

Hu/CS-EI/02/US 

NoV/GII-17 


CS-E1 

AY502009 

PO/OH-QW101/03/US 

NoV/GII-18 


QW101 

AY823304 

PO/OH-QW125/03/US 

NoV/GII-18 


QW125 

AY823305 

PO/OH-QW170/03/US 

NoV/GIM9t 


QW170 

AY823306 

PO/OH-QW218/03/US 

NoV/GIM9t 


QW218 

AY823307 

Bo/Newbury-2/76/UK 

NoV/GIII-2 


Newbury-2 

AF097917 

Hu/Alphatron/98-2/98/NET 

NoV/GIV 


Alphatron 

AF1 95847 

Mu/MNV-1 /03/US 

NoV/GV 


MNV-1 

AY228235 


*Classification is based on the capsid gene sequences. The 5 porcine NoV strains sequenced in this study are in boldface. 
fPreviously reported recombinants (20-24). 

JPotential recombinants found in this study. 
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Table 2. Sizes of the putative capsid protein VP1 and the minor capsid protein VP2, the overlap regions, and the 3' UTR of GII NoV* 

Species/genogroup-genotype/strain 

ORF1-ORF2 overlap (nt) 

VP1 (aa) 

ORF2-ORF3 overlap (nt) 

VP2 (aa) 

3' UTR (nt) 

Po/GII-11/Sw43 

17 

547 

NA 

NA 

NA 

Po/GII-11/Sw918 

17 

547 

NA 

NA 

NA 

P0/GII-11/QW48 

17 

547 

1 

253 

57 

Po/GII-18/QWIOI 

20 

557 

1 

275 

48 

P0/GII-18/QW125 

20 

557 

1 

275 

48 

PO/GII-19/QW170 

17 

548 

1 

254 

51 

P0/GII-19/QW218 

17 

548 

1 

254 

51 

Hu/GII-1/Hawaii 

20 

535 

1 

259 

42 

Hu/GII-2/Snow Mountain 

20 

542 

1 

259 

45 

Hu/GII-3/SaitamaU18 

20 

548 

1 

254 

37 

HU/GII-4/MD145 

20 

539 

1 

268 

46 

Hu/GII-5/New Orleans 

20 

540 

1 

258 

35 

Hu/GII-6/SaitamaU3 

20 

550 

1 

259 

54 

Hu/GII-7/Gwynedd 

20 

540 

1 

257 

68 

Hu/GII-8/SaitamaU25 

20 

537 

1 

257 

53 

HU/GII-9/VA97207 

20 

537 

1 

257 

51 

Hu/GII-10/Mc37 

20 

548 

1 

258 

34 

Hu/GII-12/SatamaU1 

20 

535 

1 

259 

50 

Hu/GI-1/Norwalk 

17 

530 

1 

212 

66 


*UTR, untranslated region; NoV, norovirus; ORF, open reading frame; nt, nucleotide; aa, amino acid; NA, not available. 


genotype (GII-19), which was closer to porcine than to 
human strains. However, QWlOl and 125 formed a new 
genotype (GII-18) between human and porcine GII No Vs. 

Further analysis of the predicted C-terminal ~260 
amino acids of the RdRp region (Figure 2) showed similar 
grouping results for QW48, QWlOl, and QW125 strains 
but different for QW170 and QW218 strains, which were 
in the same cluster (GII-11) as Sw43, Sw918, and QW48 
in the RdRp region. This finding suggested that a recombi- 
nation event occurred between QW 170/2 18-like and 
Sw43-like No Vs. The complete VP2 sequences of repre- 
sentative strains were also analyzed (data not shown). 
Results were similar to those of the capsid sequence clas- 
sification. 

A potential recombination event occurred between 
QW170/218-like and Sw43-like strains. To examine where 
the recombination occurred, we performed RIP analysis by 
placing the 3'-end RdRp and the capsid sequence of 
QW170 or QW218 as a query sequence and the correspon- 
ding sequences of Sw43 and QWlOl as background 
sequences. The resulting diagram (Figure 3 A) showed that 
QW170 had high similarity to Sw43 in the RdRp but not in 
the capsid region. This abrupt change happened in the 
RdRp-capsid junction region. Therefore, we performed 


sequence alignments of the RdRp-capsid junction of 
NoVs, including the calicivirus genomic- subgenomic con- 
served 18-nt motif (20) (Figure 3B). Between Sw43, 
QW170, and QW218, all 18 nt were identical, but identi- 
ties decreased downstream of this motif. QW170 and 
QW218 grouped with Sw43 with a high bootstrap value of 
95 in the RdRp tree (Figure 2), whereas they segregated 
from Sw43 with the highest bootstrap value of 100 in the 
capsid tree (Figure 1). We could not clarify which was the 
parent or progeny strain. 

The porcine NoVs replicated in gnotobiotic pigs. Two 
pigs were inoculated with QWlOl -like GII-18 porcine 
NoVs (QW126 and QW144 strains) to verify their replica- 
tion in pigs as confirmed by quantitative RT-PCR and IBM 
and to produce convalescent-phase serum to examine anti- 
genic reactivity with human NoVs. These 2 strains were 
confirmed as QWlOl -like porcine NoVs in both the RdRp 
(169-nt) and the capsid S domain (363-nt) regions by 
sequence analysis of the RT-PCR products (Q.H. Wang 
and L.J. Saif, unpub. data). They shared 99% and 100% 
amino acid identities to the QWlOl strain in the 2 regions, 
respectively. Porcine NoV shedding, assessed by quantita- 
tive RT-PCR with primer pair PNV7/8, was detected at 
PID 3-5 (euthanized) after QW144 exposure, coincident 


Table 3. Percentage amino acid identities of noroviruses within the capsid region 



Complete capsid (S domain. 

P domain) 



Strain 

Po/GII* 

Hu/Gllf 

Hu/GI/ 

Norwalk 

Bo/GIII/ 

Newbury-2 

Hu/GIV/ 

Alphatron 

Mu/GV/MNV-1 

QW48 

QW101, QW125 
QW170, QW218 

96-98(100, 94-97) 
70-70.6 (83, 63) 
81 (90, 74) 

63-71 (77-85, 53-63) 
61-71.4 (77-86, 51-64) 
62-69 (77-82, 52-62) 

43 (59, 36) 

42 (59, 35) 

43 (59, 36) 

45 (62, 36) 
45 (62, 38) 
45 (61 , 37) 

53 (71 , 42) 

54 (71 , 44) 
53 (72, 40) 

39 (58, 29) 
39 (58, 28) 
39 (60, 27) 


*lncludes Sw43 and Sw918 strains. 

flncludes Hawaii, Snow Mountain, Mexico, MD145, New Orleans, Baltimore, Gwynedd, Amsterdam, VA97207, Erfurt, Gifu, Fayetteville, M7, J23, and 
Neustrelitz strains. 
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Figure 1. Neighbor-joining phylogenetic tree of genogroup II 
noroviruses (NoVs) based on the complete capsid region. The 5 
newly identified porcine NoV strains are in boldface. Genogroups 
(G) and genotypes (numbers after G) are indicated. The human 
NoV GI-1 /Norwalk and GIV/Alphatron strains were used as out- 
group controls. 


with mild diarrhea. The RT-PCR-detectable units of the 
rectal swab RNA increased from negative at PID <2, 10^ at 
PID 3-4, and 10^ at PID 5 (large intestinal contents). 
Norovirus shedding was detected only at PID 5 without 
diarrhea after QW126 exposure. Examination of the intes- 
tinal contents of the pig inoculated with QW144 by IBM 
with pig convalescent-phase antiserum LL616 showed 
clumps of ~32-nm NoV particles (Figure 4). The 2 control 
pigs had no virus shedding or diarrhea. Detailed studies of 
the pathogenesis of porcine No Vs in gnotobiotic pigs are 
in progress (S. Cheetham and L.J. Saif, unpub. data). 

Antisera to QWlOl-like (QW126) porcine NoVs cross- 
reacted with VLPs of human GII NoVs in ELISA and 
Western blot. In ELISA (Table 4), the pig convalescent- 
phase antiserum (LL616) to QWlOl-like porcine NoV 
QW126 strain showed higher titers (1:400-1:800) to GII- 


3/Toronto, GII-4/MD145, GII-4/HS66, and GII-6/Florida 
strains; a lower titer (1:100) to GII-l/Hawaii strain; and 
lowest titer (1:10) to GI-3/Desert Shield strain. In Western 
blot (Figure 5), the capsid proteins (59-60 kDa) of 
Toronto, MD145, HS66, and Florida strains, but not the 
Hawaii and Desert Shield strains, were detected by pig 
antiserum LL616 but not the negative control serum (data 
not shown). Thus, 1-way antigenic cross -reactivity exists 
between human NoV antigens and porcine NoV (GII- 18) 
antiserum, with moderate cross -reactivity to human NoVs 
GII-3, 4, and 6; low cross-reactivity to GII-1; and very low 
cross-reactivity to GI-3. 


Discussion 

All porcine NoVs were detected from pigs without clin- 
ical signs (9,10). Subclinically infected pigs may be natu- 
ral reservoirs for NoVs, and because porcine GII NoVs are 
genetically and antigenically related to human NoVs, con- 
cerns exist about their zoonotic potential. Whether human 
NoV strains similar to the QWlOl-like porcine NoVs cir- 
culate among people with occupational exposure to pigs is 
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Figure 2. Neighbor-joining phylogenetic tree of genogroup II 
noroviruses (NoVs) based on the partial RNA-dependent RNA 
polymerase region (C-terminal 260-266 amino acids). The 5 
newly identified porcine NoV strains are in boldface. Genogroups 
(G) and genotypes (numbers after G) are indicated. The human 
NoV GI-1 /Norwalk and strain was used as outgroup control. 
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unknown, but such studies could provide information on 
the zoonotic potential of these porcine No Vs. 

The RdRp-capsid junction region of No Vs contains a 
highly conserved 1 8-nt motif in genomic and subgenomic 
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Figure 3. Identification of a potential recombination event between 
QW170 and Sw43 strains. A) Recombination Identification 
Program analysis of QW1 70 strain. At each position of the window, 
the query sequence (QW170) was compared to each of the back- 
ground genotype representatives (GII-11/Sw43 and Gll- 
18/QW101). When the query sequence is similar to the 
background sequences, the homologous regions are indicated as 
thick lines on the plot. Analysis parameters were window size of 
100 and significance of 90%. The nucleotide positions of the 3'- 
end RNA-dependent RNA polymerase (RdRp) and the shell (S) 
and protruding (P) domains of the capsid protein are indicated. B) 
Sequence alignments of the RdRp-capsid junction region of 
noroviruses (NoVs). The genomic and subgenomic conserved 18- 
nucleotide (nt) motif is indicated by a horizontal line with 2 vertical 
bars. Asterisks indicate the identical residues to the sequence of 
the first line. Dashes represent gaps. The letter N indicates miss- 
ing data on the residue. The start codon of open reading frame 
ORF 2 is underlined . Five NoV genogroups are indicated. 
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Figure 4. Immune electron micrograph of porcine noroviruses 
(NoVs). The diluted intestinal contents of a gnotobiotic pig eutha- 
nized on postinoculation day 5 to QWlOI-like porcine NoVs 
(QW144) were incubated with convalescent-phase serum LL616 
from another gnotobiotic pig inoculated with QWlOI-like porcine 
NoVs (QW126) and visualized by negative staining with 3% phos- 
photungstic acid. The arrow indicates a small clump of NoV-like 
particles. 


RNA that is believed to be a transcription start signal 
(1,20). All 18 nt were identical within each genogroup 
except for the Hu/GII/J23, Po/GII/QWlOl, and 
P 0 /GII/QWI 25 strains (Figure 3B, sequence alignments 
on other GI and GUI strains are not shown). This finding 
suggests that homologous recombination may occur with- 
in this motif between NoVs of different genotypes within 
the same genogroup. Recombinant human GII NoVs have 
been reported previously (20-24). To our knowledge, this 
study is the first identification of a potential recombinant 
between pig NoVs. At present, NoV recombinants have 
been detected exclusively between viruses within the same 
genogroup and within the same host species, but few ani- 
mal NoVs have been sequenced (RdRp and capsid) for 
comparative analysis, especially those from animals in 
developing countries, where humans and animals may be 
in close contact. 

The QWlOI-like porcine NoVs replicated in gnotobiot- 
ic pigs with fecal shedding, documented by quantitative 
RT-PCR and IBM. No cell culture system or animal dis- 
ease models are available for human NoVs, which impedes 
the study of their pathogenesis, replication strategies, host 
immune responses, and preventive approaches. The infec- 
tion of pigs with porcine NoVs may provide a new infec- 
tion or disease model to study NoV infections. 
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Table 4. Antigenic cross-reactivity between human Gll NoV antigens (VLPs) and a pig convalescent-phase antiserum against porcine 
Gil NoVs, as determined by ELISA* 


ELISA antibody titer with each VLP antigen (genogroup-genotype) 


Hawaii 

Toronto 

MD145 

HS66 

Florida 

Desert Shield 

Antiserum 

(GII-1) 

(GII-3) 

(GII-4) 

(GII-4) 

(GII-6) 

(GI-3) 

HS66CS (positive control): human convalescent- 
phase antiserum to human HS66 (GII-4) 

1:25,600 

1:6,400 

1:25,600 

1:25,600 

1:6,400 

1:6,400 

LL616: pig convalescent-phase antiserum to porcine 
QW1 26 (QW1 01 -like, GII-1 8)| 

1:100 

1:800 

1:400 

1:400 

1:400 

1:10 

LL368 (negative control): preinoculation serumf 

<1:10 

<1:10 

<1:10 

<1:10 

<1:10 

<1:10 

MM982 (negative control): preinoculation serumf 

<1:10 

<1:10 

<1:10 

<1:10 

<1:10 

<1:10 

*NoV, norovirus; VLP, viruslike particle; ELISA, enzyme-linked immunosorbent assay. 

fThe QW126 shared 99% and 100% amino acid identities to the QW101 strain (GII-18) for a 169-bp segment in the RNA-dependent RNA polymerase 
region and a 363-bp segment in the capsid region, respectively. 

tLL368 and MM982 were sera from 2 gnotobiotic pigs before inoculation with porcine NoVs. 


In this study, 1-way antigenic cross-reactivity occurred 
between antiserum to QWlOl-like porcine No Vs and the 
capsid proteins of human NoVs, with highest cross-reac- 
tivity to GII-3, 4, and 6 NoVs. This finding coincides with 
the finding that the QWlOl strain shares high amino acid 
identity with GII-3 (71%), GII-6 (71%), and GII-4 (63%) 
NoVs. 

In sunnnary, 3 genotypes of porcine NoVs were detect- 
ed in US swine. One genotype (QWlOl-like, GII-18) was 
genetically and antigenically most closely related to 
human GII NoVs. Potential recombinant porcine NoV 
strains were identified. The QWlOl-like NoVs infected 
gnotobiotic pigs, and NoV particles were evident in intes- 
tinal contents. These results raise questions of whether 
pigs may be reservoirs for emergence of new human NoVs 
or if porcine/human GII recombinants could emerge. 
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Viral Load Distribution in 
SARS Outbreak 

Chung-Ming Chu,* Vincent C.C. Cheng, f Ivan RN. Hung,t Kin-Sang Chan,* Bone S.R Tang,t 
Thomas H.R Tsang,^: Kwok-Hung Chan,t and Kwok-Yung Yuent 


An unprecedented community outbreak of severe 
acute respiratory syndrome (SARS) occurred in the Amoy 
Gardens, a high-rise residential complex in Hong Kong. 
Droplet, air, contaminated fomites, and rodent pests have 
been proposed to be mechanisms for transmitting SARS in 
a short period. We studied nasopharyngeal viral load of 
SARS patients on admission and their geographic distribu- 
tion. Higher nasopharyngeal viral load was found in 
patients living in adjacent units of the same block inhabited 
by the index patient, while a lower but detectable nasopha- 
ryngeal viral load was found in patients living further away 
from the index patient. This pattern of nasopharyngeal viral 
load suggested that airborne transmission played an impor- 
tant part in this outbreak in Hong Kong. Contaminated 
fomites and rodent pests may have also played a role. 

S evere acute respiratory syndrome (SARS) is a rapidly 
progressive pneumonia that affects all age groups in an 
epidemic manner. The number of cases worldwide has 
reached >8,000 with 774 deaths within a period of 9 
months (1). A community outbreak affected 321 residents 
of a densely populated housing estate, the Amoy Gardens 
in Hong Kong, from March 20 to April 15, 2003 (2). This 
housing estate consists of 19 high-rise apartment blocks 
(A-S). Each block has 33 floors and 8 units per floor. 
Residents from 15 blocks were affected. The mechanism 
of the spread of SARS in Amoy Gardens has remained 
enigmatic. The suggestion has been made that virus-laden 
aerosols were forced from the sewage system by negative 
pressure of an exhaust fan in an airshaft into the dried U 
trap of the toilet in the bathroom of the index patient (3). 
Results of another study in which computer modeling was 


*United Christian Hospital, Hong Kong Special Administrative 
Region, People’s Republic of China; fUniversity of Hong Kong, 
Hong Kong Special Administrative Region, People’s Republic of 
China; and ^Department of Health, Hong Kong Special 
Administrative Region, People’s Republic of China 


carried out without virologic proof suggested that these 
contaminated aerosols were spread by natural air currents 
to other apartment units (4). Other means of spread might 
have been droplet transmission among residents or by 
rodent pests (5). 

In a recent study, mice experiments demonstrated that 
viral load in respiratory specimens was proportional to 
viral inocula in patients infected with SARS-associated 
coronavirus (SARS-CoV) (6). We hypothesized that the 
initial nasopharyngeal viral load would be higher in 
patients residing near the index patient and lower in 
patients living further from the index patient. We analyzed 
the distribution of the initial SARS -Co V viral load by 
quantitative reverse transcription-polymerase chain reac- 
tion (RT-PCR) of nasopharyngeal aspirates of the first 79 
SARS patients from Amoy Gardens admitted to our hospi- 
tal. We also correlated the pattern of viral load with the 
geographic distribution of these patients from Amoy 
Gardens, which may indicate the mode of transmission in 
this point-source outbreak. 

Patients and Methods 

From March 24 to March 29, 2003, the first 79 SARS 
patients who lived at Amoy Gardens were admitted to the 
United Christian Hospital in Hong Kong (Figure 1). Since 
Amoy Gardens was placed under active surveillance by the 
health authority soon after the first few cases of SARS 
were detected, these patients underwent frequent examina- 
tions and were admitted early in the course of their illness 
(7). Their initial clinical signs and symptoms and progress 
have been previously reported (7). We prospectively col- 
lected demographic, clinical, and laboratory data from 
these first 79 SARS patients from Amoy Gardens who 
were admitted to the hospital. The diagnosis of SARS was 
confirmed by World Health Organization clinical and lab- 
oratory diagnostic criteria. SARS was defined clinically by 
fever (temperature >38°C), cough or shortness of breath. 
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Figure 1. Numbers of patients in the initial outbreak of severe 
acute respiratory syndrome in Amoy Gardens admitted to United 
Christian Hospital, Hong Kong, 2003. The index patient visited 
Amoy Gardens on March 14 and March 19, 2003. 


and new pulmonary infiltrates on chest radiographs or by 
high-resolution computed tomographic scans in the 
absence of an alternative diagnosis to explain the clinical 
manifestations. Positive SARS diagnostic findings includ- 
ed at least 1 of the following: confirmation by a positive 
PCR result for SARS -Co V, seroconversion by enzyme- 
linked immunosorbent assay or immunofluorescent anti- 
body assay, or virus isolation in cell culture plus PCR 
confirmation (7). 

Each apartment unit was coded according to block 
(A-H) and unit (1-8) (Figure 2). Patients in 26 different 
unit codes were affected. We retrospectively studied the 
viral loads of the first nasopharyngeal aspirate taken on 
the day of admission of the SARS patients who were 
admitted within the first 6 days of the epidemic. We exam- 
ined the relationship between the viral loads and the dis- 
tribution of the patients in Amoy Gardens. The index 
patient, who was responsible for transmitting the disease, 
stayed for 2 days (March 14 and 19, 2003) in block E unit 
7 (E7, floor 16) and infected his brother (4), our first 
patient. The distance of the different block units from E7 
was measured (Figure 2). Viral load was measured as 
previously described (7,8). 

We compared the clinical characteristics and nasopha- 
ryngeal viral load of these patients in different blocks by 
chi-square test for categorical variables. Student t-test, or 
Mann- Whitney U test for continuous variables where 
appropriate. Correlation of nasopharyngeal viral loads in 
relation to the distance from the index patient was calculat- 
ed by Spearman correlation. The patients were categorized 
into 5 subgroups according to the distance from the block 
of the index patient for further analyses: block E7, block E 
other than E7, blocks D and F, blocks C and G, and blocks 
A, B, and H. All statistical analyses were performed with 
SPSS version 12.0 software (SPSS Inc., Chicago, IE, 
USA). A2-tailed p value <0.05 was considered significant. 


Results 

The number of patients in the initial outbreak of SARS 
in Amoy Gardens is shown in Figure 1. The demographic, 
clinical, and laboratory characteristics of patients residing 
in E block (where the index patient resided) and those 
residing in non-E blocks were compared (Table). Seventy- 
five patients (94.9%) were Chinese and 4 were Filipino. 
There were 38 male and 41 female patients. The mean 
(SD) age was 39.4 (11.5) years (range 20-72 years). Fifty- 
three patients (67.1%) were residents of E block; 10 
(12.7%) were residents of E7 and 25 (31.6%) were resi- 
dents of E8. 

The relationships between viral load and distribution of 
patients from E7 and E8 are shown in Figure 3 A and B, 
respectively. In E7, patients who resided within a few sto- 
ries of the 16th floor had higher viral loads. For cases in 
neighboring E8, the distribution of patients and viral loads 
was random. 

The median nasopharyngeal viral load in E block 
patients (5.09 log^g copies/mE) was much higher than in 
non-E block patients (0 log^g copies/mL) on admission 
(p<0.001). On admission, no statistically significant differ- 
ences were found between E block patients and non-E 
block patients in terms of all demographic characteristics. 


Construction site 



Figure 2. Scaled map of Amoy Gardens units and distribution of 
the median viral load (log^o copies/mL) of the nasopharyngeal 
specimens (values in boxes) of patients in their respective residen- 
tial blocks (index patient lived in E7). 
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Table. Demographic factors on admission of patients living in E block and non-E block of Amoy Gardens, Hong Kong* 


Factor 

E block patients 
(n = 53) 

Non-E block 
patients (n = 26) 

p value 

Age, y, mean (SD) 

40.6(11.9) 

37.1 (10.6) 

0.21| 

Male:female ratio 

25:28 

13:13 

0.81f 

Duration of symptoms to admission (days), mean (SD) 

2.4 (1.2) 

2.5 (1.2) 

0.72| 

Coexisting conditions including chronic hepatitis B, no. (%) 

11 (19.6) 

8 (30.8) 

0.33f 

Chronic hepatitis B infection, no. (%) 

5 (9.4) 

5(19.2) 

0.22f 

Abnormal chest radiograph results, no. (%) 

38 (71.7) 

21 (80.8) 

0.38f 

Multilobar involvement on initial chest radiograph, no. (%) 

13(24.5) 

5(19.2) 

0.60f 

Day of collection of nasopharyngeal specimens after onset of symptoms. 

3.2 (1.2) 

3.3 (1.8) 

0.74| 

mean (SD) 




Quantitative RT-PCR result of nasopharyngeal specimens (logio 

5.09 (3.50-6.59) 

0 (0-3.57) 

0.008§ 

copies/mL), median (IQR) 




Hemoglobin (g/dL), mean (SD) 

13.3(1.7) 

13.8(1.4) 

0.24| 

Neutrophil count (x 10®/L), mean (SD) 

5.2 (2.0) 

5.3 (2.0) 

0.77| 

Lymphocyte count (x 10®/L), mean (SD) 

0.92 (0.6) 

0.86 (0.4) 

0.65| 

Sodium (mmol/L), mean (SD) 

138 (3) 

138 (3) 

0.91| 

Potassium (mmol/L), mean (SD) 

3.9 (3.6) 

3.9 (3.0) 

0.31| 

Urea (mmol/L), mean (SD) 

4.4 (1.4) 

4.1 (1.0) 

0.34| 

Creatinine (pmol/L), mean (SD) 

88(16) 

85(12) 

0.35| 

Alanine aminotransferase (lU/L), mean (SD) 

41 (49) 

31 (19) 

0.31| 

Albumin (g/L), mean (SD) 

40 (3) 

40 (3) 

0.85| 

Creatinine kinase (lU/L), mean (SD) 

197 (222) 

190(186) 

0.89| 

Lactate dehydrogenase (lU/L), mean (SD) 

437(190) 

398(107) 

0.47| 

*SD, standard deviation; IQR, interquartile ratio; RT-PCR, reverse transcription-polymerase chain reaction. 
fBy Student f test. 

JBy chi-square test. 

§By Mann-Whitney U test. 


initial radiographic findings, and baseline laboratory 
results (Table). The mean day of collection of nasopharyn- 
geal specimens from E-block and non-E block patients did 
not differ significantly. Overall, the mean (SD) number of 
days from onset of symptoms to collection of nasopharyn- 
geal samples was 3.22 (1.5), and no correlation was found 
between initial nasopharyngeal viral load and time elapsed 
from symptom onset date to the day of sample collection 
(Spearman p -0.16, p = 0.156). 

Median viral loads of each unit of different blocks are 
shown in Eigure 2. The initial nasopharyngeal load of 
patients was highly correlated with the distance in relation 
to the block of the index patient (Spearman p -0.63, 
p<0.001, Eigure 4). The percentage of specimens with a 
negative nasopharyngeal viral load in each block in order of 
patient distance from block E was as follows: block E 
(4/52) 7.7%; block D (4/7) 57.1%; block E (2/2) 100%; 
block C (1/6) 15.2%; block G (2/2) 100%; block A (1/1) 
100%; block B (2/6) 33.3%; and block H (1/1) 100% (p = 
0.04 by chi-square test). Subgroup analysis showed that 
patients in E7 and E8 had the highest median viral load, 
6.80 and 5.98 log^g copies/mL, respectively. Patients from 
these 2 units also accounted for 12.7% and 31.6% of the 
total number of patients, respectively. This pattern of distri- 
bution is strongly affected by the distance of the patients’ 
units from the index patient (Eigures 2 and 4). On the basis 
of a visual inspection of the layout of the units (Eigure 2), 


the direction in which patients’ flats faced may also have 
influenced the viral load; patients in flats that faced away 
from the index patient’s unit had a lower viral load. 

The overall case death rate among the 79 patients was 
24.1%. The highest rate was in block E, which accounted 
for 79% of all deaths, while the death rate in patients liv- 
ing in E7 (the same block as the index patient) was 70% (7 
patients). This rate is significantly higher than in other 
units (p = 0.001 by test). The index patient was one of 
the few patients from E7 who survived the disease. 

Discussion 

In this study, a higher viral load was observed in patients 
who lived near the index patient than in those who lived 
further away. Amoy Gardens was placed under active sur- 
veillance during the SARS outbreak and the residents 
underwent frequent examinations. They were admitted to 
the hospital soon after any symptom of SARS developed, 
and nasopharyngeal specimens were collected at an early 
stage. Variation in collection time cannot explain the viral 
load distribution. The size of the viral inocula may have 
progressively decreased downstream. A recent study has 
demonstrated in mice that SARS -Co V viral load in the res- 
piratory tract is proportional to viral inocula administered 
intranasally (6). Similarly, the degree of viremia is related 
to the size of the viral inoculum in HIV and hepatitis C 
virus infections in various models (9,10). Three patients 
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Figure 3. Distribution of viral load in nasopharyngeal specimens 
(log^o copies/mL) of Amoy Gardens residents in E7 (A) and E8 (B). 


from E7 and 12 patients from E8 had a higher viral load and 
more severe disease than the index patient in E7 (Eigure 3). 
This finding can be explained by the fact that secondary 
case-patients had probably received higher viral inocula 
through droplets or close contact (11-14). The viral load 
gradually decreased in tertiary patients who lived further 
from the index case; dilution factors may have had an 
effect. Moreover, the shape of the U trap and the warm 
aerosol generated from the bathroom of the index patient 
caused the aerosol to circulate upwards, which may explain 
why only the upper floors of E7 were initially affected. 
Subsequently the virus-laden aerosols cooled and sank. At 
the same time, the virus was carried by a southwestward 
wind to E8 and other parts of Amoy Gardens. This scenario 
accounted for the higher rate and more widespread distribu- 
tion of SARS patients in E8 than E7. 

How SARS is transmitted is variously explained. In 
most cases, SARS is transmitted by direct contact with ill 
persons and spread of large droplets (15). In more distant 
transmission, airborne spread, contaminated fomites, and 
rodent pests can spread this disease (4,5,16). The initial 
viral load pattern in our study may help explain the differ- 
ent mechanisms involved in transmitting SARS in this out- 
break. The highest nasopharyngeal viral load was detected 
in patients residing in E7 and E8, which were near the unit 
inhabited by the index patient. Direct contact transmission 
with the index patient and droplet spread by cough may 


have occurred among patients living in block E. Rodent 
pests may have spread the virus in the same block or even 
to distant blocks. Transmission by contaminated fomites 
such as elevator door knobs or door handles would also 
lead to spread among patients in the same block. 

The viral load of each patient correlated with the dis- 
tance in relation to the index block (E7). However, more 
patients and higher viral load were found in patients living 
in block D than block E, in block C than block G, and in 
block B than blocks A and H, even though they were a sim- 
ilar distance from the index block (Eigure 2). The attack 
rate was highest in block E, which accounted for 41% of 
the 321 SARS cases in Amoy Gardens, followed by block 
C (15%), block B (13%), and block D (13%). The remain- 
ing cases (18%) were distributed in 11 other blocks (2). 
This distribution pattern can be explained by airborne 
transmission as virus-laden aerosols circulated inside the 
complex and were driven by a southwestward wind from 
block E to blocks D, C, and B (4). Meteorologic data from 
The Hong Kong Observatory, Hong Kong Special 
Administrative Region showed that the prevailing wind 
direction on March 14 and March 19, 2003 was from the 
southwest. This pattern is consistent with a hypothesis of 
airborne transmission (17). Patients living in block D had 
a lower viral load than those in blocks B and C, even 
though they lived closest to the index patient. They may 
have been protected by a nearby construction site (Eigure 
2), which created a shield against the virus-laden draft. 
Patients from E7 living on floors 15-20 had higher viral 
loads than those living above or below them (Eigure 3 A). 
This distribution may be the result of a dilution effect as 
the virus-laden plume rose from the middle floors to the 
higher floors. Nonetheless, the airborne hypothesis is not 
possible to prove because simultaneous air sampling and 
analysis of the SARS viral load was not carried out. 

Severity of illness did not differ between block E 
patients and non-E block patients when they were first 
seen at the hospital, despite higher viral load in block E 
patients. However, the death rate was higher in block E. 
We have previously demonstrated that patients with high 
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Figure 4. Correlation of nasopharyngeal viral load (log^o 
copies/mL) in relation to the distance from the index unit (E7). 
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initial and peak viral loads in nasopharyngeal samples 
were more likely to show a less favorable disease course 
and lower survival rate (8,18). Patients living in E7 who 
had highest nasopharyngeal viral loads explains why their 
death rate was higher than for those living in other units. 
The dilution effect resulted in a decreased viral load as the 
disease spread to other units and in a lower death rate. 

Our study was limited because we analyzed only data 
on the first 79 of 321 patients in Amoy Gardens with 
SARS. This limitation was the result of the rapid influx of 
patients who overwhelmed the capacity of our hospital; 
additional patients were admitted to other hospitals for 
treatment. Second, no human study has confirmed the rela- 
tionship between the size of viral inocula and viral load. 
Host factors are important in this regard (9). Nevertheless, 
we believe that the patients we studied provide important 
information regarding initial viral loads and geographic 
factors. This situation involved different modes of trans- 
mission, including direct contact, droplets, airborne, con- 
taminated fomites, and rodent pests. No single mechanism 
could explain such a major outbreak. 

In conclusion, the overcrowded housing complex, 
unconnected pipes, a southwestward wind, rodent pests, 
and arrival of the SARS index patient all created an envi- 
ronment favorable for the transmission of this disease. 
Different modes of transmissions apparently had a part in 
this major outbreak. What actually took place will likely 
remain unsolved. Nevertheless, the possibilities of differ- 
ent modes of spread alert us to the importance of a multi- 
component infection control policy in future outbreaks of 
SARS -Co V infection, as well as in other respiratory viral 
infections. 
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Pandemic Strain of Foot-and-Mouth 
Disease Virus Serotype O 

Nick J. Knowles,* Alan R. Samuel,* Paul R. Davies,* Rebecca J. Midgley,* 
and Jean-Frangois Valarcher* 


A particular genetic lineage of foot-and-mouth disease 
virus (FMDV) serotype O, which we have named the 
PanAsia strain, was responsible for an explosive pandem- 
ic in Asia and extended to parts of Africa and Europe from 
1998 to 2001. In 2000 and 2001, this virus strain caused 
outbreaks in the Republic of Korea, Japan, Russia, 
Mongolia, South Africa, the United Kingdom, Republic of 
Ireland, France, and the Netherlands, countries which last 
experienced FMD outbreaks decades before (ranging from 
1934 for Korea to 1984 for the Netherlands). Although the 
virus has been controlled in all of these normally FMD-free 
or sporadically infected countries, it appears to be estab- 
lished throughout much of southern Asia, with geographi- 
cally separated lineages evolving independently. A 
pandemic such as this is a rare phenomenon but demon- 
strates the ability of newly emerging FMDV strains to 
spread rapidly throughout a wide region and invade coun- 
tries previously free from the disease. 

F oot-and-mouth disease virus (FMDV, family 
Picornaviridae, genus Aphthovirus) causes an acute 
vesicular disease of pigs and wild and domesticated rumi- 
nants such as cattle, water buffalo, sheep, goats, and deer 
(1). It can cause high death rates in young animals and pro- 
duction losses in adults and is considered to be the single 
most important constraint to world trade in live animals 
and animal products. Spread of FMDV is predominantly 
associated with the legal and illegal movement of infected 
animals or their products. 

The Food and Agriculture Organization World 
Reference Laboratory for Foot-and-Mouth Disease 
(WRLFMD) is established within the high- security labora- 
tory at the Institute for Animal Health, Pirbright, United 
Kingdom (2). From 2000 to 2004, WRLFMD received an 
annual average of 536 samples to diagnose FMD from 
regions of the world where the disease is endemic, pre- 


*lnstitute for Animal Health, Pirbright, United Kingdom 


dominantly Africa and Asia. Seven serotypes of FMDV 
exist: SAT 1, SAT 2, and SAT 3 are usually restricted to 
Africa; Asia 1 is restricted to Asia; and O, A, and C are 
present in Africa, Asia, and South America and occasion- 
ally Europe. In each of the last 5 years, serotype O has 
been isolated from >60% of the positive FMD samples 
received. 

The economic consequences of FMD incursion into 
disease-free regions may be severe. For instance, in the 
first 3 months of the 1997 outbreak in Taiwan, >6,000 
farms were affected, 4 million pigs were destroyed or died 
from the disease, and >21 million doses of vaccine were 
used (3). The cost of controlling the disease was estimated 
at US $378.6 million. An additional $1.6 billion was lost in 
export trade, and >65,000 jobs in pig farming and associ- 
ated industries were lost (3). To control the FMD outbreak 
without using vaccination, animals were slaughtered on 
>10,000 farms in the United Kingdom in 2001; only one 
fifth of these animals were actually infected. Four million 
animals were slaughtered for control measures and 2.5 
million more for animal health reasons (4). The direct and 
indirect losses were estimated at ~£8 billion (5). 

FMDV has a genome consisting of a single strand of 
positive-sense RNA. Consequently, the virus has a high 
mutation rate and may change, on a random basis, 1-8 
nucleotides (nt) per replication cycle (6). Nucleotide 
sequencing of part or all of the genome region coding for 
the outer capsid polypeptide VPl was first used to study 
the epidemiology of FMD by Beck and Strohmaier (7), 
who investigated the origin of outbreaks of types O and A 
in Europe over a 20-year period. Since then, genetic vari- 
ability has been used to individually characterize strains of 
FMDV and track their movement across international bor- 
ders (8), and a large number of epidemiologic studies have 
been published (9). Previously, on the basis of compar- 
isons of partial VPl sequences (~170 nt at the 3' end of the 
gene) of FMD type O viruses, differences between 2 iso- 
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lates within 4% have been suggested to indicate a recent 
connnon origin, whereas differences of >15% signify geo- 
graphic isolation over many years (10), similar to the dis- 
tinctions made between human polioviruses (11). Isolates 
with >85% nt sequence identity have been placed within 
groups or topotypes, which tend to be restricted in their 
geographic distribution (10,12). The 10 topotypes have 
been named Europe-South America (Euro-SA), Middle 
East-South Asia (ME-SA), Southeast Asia (SEA), Cathay 
(CHY), West Africa (WA), East Africa 1 (EA-1), East 
Africa 2 (EA-2), East Africa 3 (EA-3), Indonesia-1 (ISA- 
1), and Indonesia-2 (ISA-2). The Indonesian topotypes, 
which have not been identified since 1983, are considered 
extinct. 

Knowles et al. (13) described the emergence and spread 
of the PanAsia strain from 1990 to 2000 on the basis of 
comparisons of partial (and some complete) VPl 
sequences from 60 virus isolates. This article extends the 
molecular epidemiology of this virus strain by comparing 
188 complete VPl sequences for EMD type O viruses 
mostly isolated from 2000 to 2005 with published 
sequences of selected viruses from the previous decade 
and some reference virus strains (N = 151). 

Materials and Methods 

Viruses and Primers 

The designation and origin of EMDV isolates studied 
are listed in online Appendix 1 (available from http://www. 
cdc .go v/ncidod/EID/vol 1 1 no 1 2/05-0908_app 1 .htm) . 

Three alternative primer combinations were used for 
reverse transcription-polymerase chain reaction (RT- 
PCR): 0-1C244E/NK61, 0-1C272E/NK61, and O- 
1C283E/NK61, which have amplicon sizes of 1,181, 
1,153, and 1,142 bp, respectively (Table). Eorward and 
reverse primer amounts were 20 and 40 pmol, respective- 
ly. We used 4-6 internal sequencing primers to ensure cov- 
erage of the VPl region on both DNA strands (Table). 


RT-PCR of vRNA 

Total RNA was extracted from 460 qL of a 10% epithe- 
lial suspension or cell culture supernatant by using RNeasy 
kits (Qiagen Ltd., Crawley, West Sussex, UK), according to 
the manufacturer’s instructions, and resuspended in 50 qL 
nuclease-free water. This RNA (5 qL) was used as the tem- 
plate in a 1-step RT-PCR (Ready-To-Go RT-PCR Beads; 
Amersham Pharmacia Biosciences, Chalfont St. Giles, 
Bucks, UK). The following thermal profile was used: 42°C 
for 30 min; 94°C for 5 min; 35 cycles of 94°C for 60 s; 
60°C for 60 s; and 72°C for 90 s; followed by a final exten- 
sion of 72°C for 5 min. PCR products were analyzed by 
electrophoresis on a 1.5% agarose-Tris-borate-EDTA gel 
containing 0.5 qg/mL ethidium bromide. DNA weight 
markers (GeneRuler 100 bp DNA Ladder Plus, Ready-To- 
Use; Eermentas, Inc., Hanover, MD, USA) were run along- 
side the samples to facilitate product identification and 
quantification. Post-PCR removal of deoxynucleoside 
triphosphates and primers was achieved enzymatically by 
using ExoSAP-IT (USB Corporation, Cleveland, OH, 
USA), according to the manufacturer’s instructions. 

Sequence Determination 

PCR amplicons were sequenced by using the DTS 
Quick Start Kit (Beckman Coulter Inc., Eullerton, CA, 
USA) according to the manufacturer’s instructions and 
with the sequencing primers listed in the Table. The 
sequencing reactions were run on a CEQ 8 000 Automated 
Sequencer (Beckman Coulter) according to the manufac- 
turer’s instructions. The sequences determined in this 
study have been submitted to the EMBL/GenBank/DDBJ 
databases; accession numbers are shown in Appendix 1. 

Phylogenetic Analysis 

An unrooted neighbor-joining tree was constructed by 
using MEGA version 3 (14). The robustness of the tree 
topology was assessed with 1,000 bootstrap replicates as 
implemented in the program. 


Table. Oligonucleotide primers used for RT-PCR and cycle sequencing of FMDV strains* 


Primer 

Primer sequence (5' ^ 3') 

Sense 

Location on FMDV genome 
Gene Position! 

Use 

ARS4 

ACCAACCTCCTTGATGTGGCT 

+ 

1C 

2349-2369 

RT-PCR 

0-1C244F 

GCAGCAAAACACATGTCAAACACCTT 

+ 

1C 

2469-2494 

RT-PCR 

0-1C272F 

TBGCRGGNCTYGCCCAGTACTAC 

+ 

1C 

2497-2519 

RT-PCR 

0-1C283F 

GCCCAGTACTACACACAGTACAG 

+ 

1C 

2508-2530 

RT-PCR 

NK61 

GACATGTCCTCCTGCATCTG 

- 

2B 

3630-3649 

RT-PCR 

NK72 

GAAGGGCCCAGGGTTGGACTC 

- 

2A/2B 

3558-3578 

Sequencing 

0-1C499F 

TACGCGTACACCGCGTC 

+ 

1C 

2724-2740 

Sequencing 

0-1C583F 

GACGGYGAYGCICTGGTCGT 

+ 

1C 

2808-2827 

Sequencing 

A-1C612F 

TAGCGCCGGCAAAGACTTTGA 

+ 

1C 

2834-2854 

Sequencing 

0-1D296F 

ACAACACCACCAACCCAAC 

+ 

ID 

3181-3199 

Sequencing 

0-1 D628R 

GTTGGGTTGGTGGTGTTGT 

- 

ID 

3181-3199 

Sequencing 


*RT-PCR, reverse transcription-polymerase chain reaction; FMDV, food-and-mouth disease virus. 
fPosition on the genome of 01/Kaufbeuren/FRG/66 (EMBL/GenBank accession no. X00871). 
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Results and Discussion 

Vims RNA was extracted from 188 FMD type O virus- 
es, and each VPl -coding region was successfully ampli- 
fied by RT-PCR by using at least 1 of the 3 described 
primer sets. The complete VPl sequences were determined 
by directly sequencing the amplicons. For all these iso- 
lates, the VPl gene consisted of 633 nt coding for 211 
amino acids (previously VPl was considered to be 2 amino 
acids longer at its carboxyl-terminus; however, the VPl- 
2A cleavage site is actually between a conserved glutamine 
[VP 1211 most type Os] and a variable residue [2A^, often 
a leucine in serotype O]) (15). 

The 188 VPl sequences we report were compared to 
151 VPl sequences previously published or awaiting pub- 
lication (database accession numbers are listed in 
Appendix 1). A bootstrapped neighbor-joining tree con- 
taining all 339 sequences was constructed by using MEGA 
3 (Figure 1). Figures 2^ show various parts of the tree 
depicted in Figure 1 in greater detail. The bootstrap sup- 
port for the 10 FMDV O topotypes was generally high 
(96%-100%; Figure 2). The topotype distributions of the 
299 Asian FMD type O vimses (including those reported 
elsewhere) were as follows: ME-SA (253), SEA (18), and 
Cathay (49) (Appendix 1). Additionally, 26 European 
vimses (from the United Kingdom, Ireland, and France) 
belonged to the ME-SA topotype. The Pan Asia strain 
accounted for 168 (66%) of the 253 ME-SA isolates. 

Some FMDV O topotypes had a more limited spread 
than the ME-SA topotype. Virus isolates from Hong Kong 
and the Philippines all fell within the Cathay topotype; all 
the recently isolated (2000-2004) Philippines isolates 
form a distinct lineage. This topotype was first introduced 
into the Philippines in 1994, probably from mainland 
China or Hong Kong (the only known places where it 
existed at that time). Earlier isolates from the Philippines 
(e.g., O/PHI/5/95) were closely related to Hong Kong 
vimses (Figure 2). This topotype was first seen in Vietnam 
in 1997 and continued to occur there until 2004 (Figure 2) 
but has not, as far as we know, spread to neighboring 
Southeast Asian countries. A Cathay topotype virus also 
spread to Taiwan in 1997, where it caused an extensive 
epidemic that lasted until at least 1999 (3) (Figure 2). 
Viruses belonging to the SEA topotype continue to be iso- 
lated throughout Southeast Asia (Figure 2; online 
Appendix 2; available from http://www.cdc.gov/ncidod/ 
EID/volllnol2/05-0908_app2.htm), despite the recent 
introduction and widespread dissemination of the Pan Asia 
strain. No examples of either of the Indonesian topotypes 
have been detected in the field since 1983. 

Viruses belonging to the ME-SA topotype occur in 
many genetic sublineages (Figure 3). These were often ini- 
tially found in India and subsequently spread to other geo- 
graphic regions. The reference/vaccine strains (O5/IND/I/ 



Figure 1. Midpoint-rooted neighbor-joining tree showing the rela- 
tionships between the 339 VP1 sequences studied. Only the tree 
structure is shown; details of the boxes labeled A to C are shown 
in Figures 2-4. 


62, Oi/Manisa/TUR/69, Oi/Sharquia/EGY/72, and 0/IND/ 
R2/75) all occur in a single lineage distinct from later iso- 
lates. The O5/IND/I/62 sequenced by Hemadri et al. (16) 
is different (9.6%) from the same strain that we and others 
sequenced (17,18) (all 3 sequences are identical, and the 
virus stocks probably all originated from WRLFMD), and 
the origin of these isolates requires further investigation. 
Two other reference/vaccine strains (O/Geshur/ISR/85 and 
O/Dalton/ISR/2/88) fall on another lineage but are not 
closely related to each other. Within the ME-SA topotype, 
several sublineages have been defined as strains, such as 
Pan Asia, Ind2001, and Iran2001, on the basis of phyloge- 
netic relationships and a nucleotide difference of <5% 
(9,16). However, these are artificial groupings, the edges 
of which become blurred as viruses evolve in different 
directions. For example, the nucleotide sequences of 2 
viruses that are on the Pan Asia lineage, 0/VIT/ 1/2004 and 
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Figure 2. Midpoint-rooted neighbor-joining tree showing the 
Cathay, Europe-South America (Euro-SA), Indonesia-1 (ISA-1), 
Indonesia-2 (ISA-2), West Africa (WA), East Africa 1 (EA-1), East 
Africa 2 (EA-2), and East Africa 3 (EA-3) topotypes. Only bootstrap 
values >70% are shown. 


O/BHU/27/2004, differ from O/TAW/2/99 by 5.4% and 
5.0%, respectively, but differ from each other by 7.9%. 
Thus trying to define “strains,” particularly using percent- 
age nucleotide relationships, may not be relevant, except in 
special circumstances, such as a pandemic caused by a 
cluster of closely related viruses. 

Viruses that we consider part of the PanAsia strain 
(within the ME-SA topotype) are shown in Figure 4. 
Within the PanAsia strain, different sublineages can be dis- 
tinguished despite some low bootstrap values. Some of 
them correspond to well-defined geographic areas in 
which these isolates have been collected through the years 
and show evolutionary relationships. Others are mixtures 
of FMDV isolates from different regions. In such cases, 
the phytogeny gives clues to the probable source of some 
isolates. The PanAsia strain shows a limited degree of vari- 
ability of the VPl gene during the outbreak in 2001 in the 
United Kingdom. Indeed, the degree of genetic variability 
of the VPl gene of 24 isolates collected between the begin- 


ning and the end of the outbreak was <1.29%, and very 
few amino acid changes were observed (a maximum of 3 
in any 1 sequence). 

According to our current analysis, the PanAsia strain is 
an emergent sublineage of FMDV that, after several years 
in India, spread through southern Asia, the Middle East, 
and Europe. This strain apparently was confined to India 
for longer — and then spread much faster — than previously 
believed. In 1994, Samuel et al. (19) first noted the arrival 
of a new FMDV type O lineage in Saudi Arabia. 
Previously, we had considered this lineage to be part of the 
PanAsia strain (13). However, analysis of complete VPl 
sequences with the neighbor-joining algorithm, rather than 
unweighted pair-group method analysis on partial VPl 
sequences, indicated that these viruses, along with others 
isolated between 1994 and 1997 in Asia (except India), 
actually belong to 1 of 2 distinct lineages that we have 
termed Ind2001 and Iran2001 (Figure 3). Therefore, virus- 
es that we would now classify as PanAsia first appeared in 
Bahrain, Iran, Febanon, Kuwait, Saudi Arabia, and Yemen 
much later (i.e., in 1998); in Israel, Turkey, and the United 
Arab Emirates in 1999; and in Malaysia in 2000 (Figures 
3 and 4; data not shown). In Nepal in 1990, viruses were 
found that were closely related to the earliest PanAsia iso- 
lates from India in the same year. However, from 1991 to 
1996, only viruses belonging to non-PanAsia lineages of 



Figure 3. Midpoint-rooted neighbor-joining tree showing the Middle 
East-South Asia (ME-SA) topotype (except the PanAsia strain). 
Only bootstrap values >70% are shown. 
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ME-SA were found in Nepal. During the years 1997-1999, 
PanAsia viruses were once again found. This virus lineage 
may have persisted in Nepal in the intervening years (since 
only a few virus isolates have been examined) or may have 
been reintroduced in 1997. This extension and reanalysis 
of the sequence data indicate that the spread of the PanAsia 
strain from the Indian subcontinent was probably more 
explosive than once thought and principally occurred from 
1998 to 2001. 



Figure 4. Midpoint- rooted neighbor-joining tree showing the 
PanAsia strain. Only bootstrap values >70% are shown. 


Retrospective examination of viruses from India indi- 
cated that the PanAsia strain was present in the north of 
that country as early as 1990 and may even have been pres- 
ent as far back as 1982 (16). From 1991 to 1997, the new 
lineage appeared to spread to other parts of India (16). 

The presumed initial spread from India in 1998 was to 
Bhutan, Bahrain, Iran, Jordan, Kuwait, Lebanon, Syria, 
Saudi Arabia, and the Yemen Arab Republic. In May 1999, 
the People’s Republic of China reported FMD outbreaks in 
Tibet, Hainan, and Fujian Provinces (20). Sequencing 
viruses from the outbreaks in Tibet (O/CHA/1/99, 
O/CHA/2/99, and O/CHA/3/99) and Hainan (0/CHA/ 
4/99) showed that they belonged to the new lineage (13) 
(Figure 4). In June 1999, FMDV was isolated from sub- 
clinically infected or carrier cattle in Kinmen Prefecture of 
Taiwan Province of China (POC) during routine surveil- 
lance. Sequence analysis of this isolate (O/TAW/2/99) 
showed it also belonged to the new lineage (Figure 4). 
Later that month, FMDV was detected in Tainan 
Prefecture on the main island of Taiwan, again in cattle 
showing no signs of disease. In January 2000, the first clin- 
ical cases in cattle were found in Taiwan (Yunlin and 
Chiayii Prefectures) and in February 2000, ~71 young 
goats in Kaoshiung and Changhwa Prefectures died sud- 
denly from FMD, although no disease was seen in adult 
goats that had been vaccinated. The distribution of this 
sublineage throughout Asia justified its name of the 
PanAsia strain. 

Towards the end of 1999, the PanAsia virus was clear- 
ly moving into Southeast Asia (Myanmar, Thailand, 
Vietnam, Lao People’s Democratic Republic) (Appendix 
2), where the FMDV type O SEA topotype had existed 
exclusively (at least until the Cathay topotype was intro- 
duced into Vietnam in 1997) (10). By April 2000, all main- 
land Southeast Asian countries had experienced outbreaks 
due to the new strain. 

In March 2000, FMD type O appeared in South Korea 
and Japan, and sequence analysis indicated that the 
PanAsia strain was responsible (13) (Figure 4). In April 
2000, a severe outbreak of FMD type O in occurred in pigs 
in the Ussuriysk District of eastern Russia. Of 625 pigs 
affected, nearly 37% died from the disease. Sequencing the 
VPl gene showed that the PanAsia strain was responsible 
(13). At the end of April 2000, an outbreak of FMD type O 
was reported in Ulaanbadrakh Soum County, Dornogovi 
Province, Mongolia. In this outbreak sheep, goats, and cat- 
tle were affected. Again, sequence analysis of the VPl 
gene showed the virus to be of the PanAsia lineage (13). In 
September 2000, the PanAsia strain spread to KwaZulu- 
Natal Province in South Africa (13,17) (Figure 4); the ori- 
gin was traced to feeding pigs with uncooked swill from a 
ship in the port of Durban (21). This FMD outbreak is the 
first since 1957 in this region of South Africa and the first 
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recorded outbreak in that country due to serotype O. In 
February 2001, FMD was diagnosed in the United 
Kingdom; by the end of July, >1,900 farms were affected. 
The PanAsia strain was responsible for these outbreaks 
(13,22,23). In late February 2001, the disease spread from 
the British mainland to Northern Ireland, and in March and 
April outbreaks of FMD type O were also reported in the 
Republic of Ireland (n = 1), France (n = 2), and the 
Netherlands (n = 26). In 2003, the PanAsia strain was 
detected for the first time in Afghanistan, Nepal, and 
Pakistan; however, because of lack of samples or sequenc- 
ing data, the strain may have been present earlier. Since 
2003, the PanAsia strain has not been detected in any new 
countries. 

The PanAsia strain has not yet been detected in Africa 
(except South Africa in 2000) or South America, despite 
extensive unpublished sequence studies by ourselves; the 
Onderstepoort Veterinary Institute, South Africa (W. 
Vosloo, pers. comm.); and the Pan-American FMD Center, 
Brazil (I.E. Bergmann, pers. comm.). However, the 
PanAsia strain is present in many countries in which FMD 
is endemic and occurs in countries in which the incidence 
of FMD is sporadic. 

The extent of this spread is unique for a single strain of 
FMDV, and its presence in most recent samples from the 
Middle East indicates that it has dominated and outcom- 
peted the other strains of FMDV previously observed (19). 
While we acknowledge that the sampling of virus isolates 
is not random (i.e., the samples examined are those sub- 
mitted to WRLFMD by some of the countries experienc- 
ing outbreaks), the same sampling technique has shown a 
marked increase in the number of isolations of the PanAsia 
lineage over the preceding years. 

The appearance of the PanAsia virus in countries that 
have been FMD-free for many years shows that this strain 
is capable of spreading to countries where strict control 
measures are normally effective at preventing importation 
of animal pathogens. Whether this fitness to survive is 
related to particular features of the transmissibility of the 
virus strain or its ability to spread subclinically in certain 
breeds of animal, as found in Taiwan in 1999 or in Japan in 
2000 (24), is not clear. The PanAsia virus strain has been 
isolated from a wide variety of host species, including cat- 
tle, water buffalo, pigs, sheep, goats, and gazelle (Qatar in 
1999), and its ability to infect a wide range of species could 
be a contributing factor in its success. Within the PanAsia 
strain, differences in behavior of the virus, such as host 
species or virulence, remain unexplained on a genetic basis, 
according to comparison of the full genome sequences from 
viruses from this group (25). However, these characteristics 
can also be biased by practices such as vaccination, the ani- 
mal population targeted for vaccination, or the animal 
species that are farmed in a particular area. 


We have no evidence of increased or altered trade in the 
region that could explain the sudden spread of the PanAsia 
virus. Additionally, the lack of efficacy of existing FMDV 
vaccines does not seem to be responsible for the spread of 
this strain in countries in which vaccination is practiced. 
Indeed, antigenic matching analysis has shown good cross- 
reactivity between field isolates of the PanAsia strain and 
current vaccine strains such as Manisa (WRLFMD, data 
not shown), and this finding has been confirmed for 
O/UKG/2001 virus by cross-protection studies (26,27). 

The spread of the PanAsia strain across most of Asia 
and into Europe and South Africa demonstrates how a 
newly evolved virus may become established, in spite of 
control measures at international borders. FMD in a previ- 
ously disease-free country can seriously interfere with the 
local and export trade in susceptible animals and their 
products. A large outbreak of FMD in northern Europe or 
the United States could result in losses of several billion 
US dollars. The emergence of this strain of FMDV, and its 
spread within the territory bounded by Ireland in the west 
and Japan in the east, provides an example of the econom- 
ic damage that can result. It also demonstrates the difficul- 
ty of containing such a transmissible virus within a defined 
region. The emergence of such strains highlights the neces- 
sity to constantly monitor and characterize field isolates 
responsible for outbreaks in FMD-endemic countries and 
the need for countries to be rapidly alerted so that appro- 
priate control measures can be instituted. For this purpose, 
an international early warning system must be established 
to share information on the characteristics of the latest 
FMDV isolates in real time. 
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Bartonella henselae in 
Porpoise Blood 

Ricardo G. Maggi,* Craig A. Harms, *t Aleta A. Hohn,^ D. Ann Pabst,§ William A. McLellan,§ 
Wendy J. Walton,^ David S. Rotstein,# and Edward B. Breitschwerdt* 


We report detection of Bartonella henselae DMA in 
blood samples from 2 harbor porpoises (Phocoena pho- 
coena). By using real-time polymerase chain reaction, we 
directly amplified Bartonella species DMA from blood of a 
harbor porpoise stranded along the northern North Carolina 
coast and from a pre-enrichment blood culture from a sec- 
ond harbor porpoise. The second porpoise was captured 
out of habitat (in a low-salinity canal along the northern 
North Carolina coast) and relocated back into the ocean. 
Subsequently, DNA was amplified by conventional poly- 
merase chain reaction for DNA sequencing. The 16S-23S 
intergenic transcribed spacer region obtained from each 
porpoise was 99.8% similar to that of B. henselae strain 
San Antonio 2 (SA2), whereas both heme-binding phage- 
associated pap3^ gene sequences were 100% homolo- 
gous to that of B. henselae SA2. Currently, the geographic 
distribution, mode of transmission, reservoir potential, and 
pathogenicity of bloodborne Bartonella species in porpois- 
es have not been determined. 


B artonellosis is a newly emerging worldwide zoonotic 
disease (1,2) that can be caused by a spectrum of 
Bartonella species. These members of the alpha subdivi- 
sion of the class Proteobacteria are gram-negative aerobic 
bacilli and comprise at least 20 species and subspecies. 
Infection with Bartonella species causes lymphadenopathy 
(3), disorders of the central nervous system (including 
encephalopathy, hemiplegia, epilepsy, and subcortical 
frontoparietal lesions) (4-7), bacillary angiomatosis and 


*North Carolina State University College of Veterinary Medicine, 
Raleigh, North Carolina, USA; fCenter for Marine Sciences and 
Technology, Morehead City, North Carolina, USA: ^National 
Marine Fisheries Service, Beaufort, North Carolina, USA; 
§University of North Carolina Wilmington, Wilmington, North 
Carolina, USA; ^Virginia Aquarium and Marine Science Center, 
Virginia Beach, Virginia, USA; and #University of Tennessee 
College of Veterinary Medicine, Knoxville, Tennessee, USA 


bacillary peliosis (8), fever, adenitis, endocarditis (9-12), 
hepatosplenic involvement, cutaneous vasculitis, and 
osteomyelitis in domestic animals and humans (13-15). 

Bartonella species have been isolated from numerous 
domestic and wild terrestrial animals, including cats, dogs, 
deer, cattle, lions, rabbits, and rodents (16-20). Because 
Bartonella spp. frequently induce persistent intravascular 
infections, particularly in reservoir hosts, attributing dis- 
ease causation to Bartonella infection in animals or in 
human patients has been difficult, and satisfying Koch 
postulates for disease causation remains challenging (21). 

Because conventional microbiologic techniques lack 
sensitivity, bartonellosis is usually diagnosed by using 
polymerase chain reaction amplification of organism-spe- 
cific DNA sequences or serologic testing (1,22-25). 
Recently, a more sensitive isolation approach was devel- 
oped by using Bartonella alpha Proteobacteria growth 
medium (BAPGM) followed by real-time polymerase 
chain reaction (PCR). This method has greatly facilitated 
the molecular detection or isolation of Bartonella species 
from the blood of sick and healthy animals (24). The rela- 
tive sensitivity of diagnostic methods used to detect 
Bartonella species infection greatly influences the ability 
to establish disease causation. The use of these optimized 
microbiologic techniques facilitated the recognition of 
bloodborne Bartonella spp. infections in porpoises, as 
reported in this study. 

We report real-time PCR detection of B. henselae SA2 
DNA in porpoise blood samples. Harbor porpoises are 
cetaceans in the family Phocoenidae that are found alone 
or in small groups in coastal waters, bays, and estuaries in 
cold, temperate, and subarctic waters of the Northern 
Hemisphere (26). In the western Atlantic, they range from 
Baffin Island and Labrador in the north, extending as far 
south as North Carolina in the winter. Initially, blood sam- 
ples were screened by using real-time PCR targeting the 
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Bartonella 16S-23S RNA intergenic spacer (ITS) region, 
or the heme-binding phage-associated gene pap3l (27). 
Preenrichment liquid BAPGM blood cultures were also 
screened by real-time PCR, after which conventional PCR 
was used to obtain DNA for sequencing and identifying 
Bartonella species to the strain level. 

Materials and Methods 

Sample Testing 

Blood samples (anticoagulated with EDTA) were 
obtained from a live, stranded yearling female harbor por- 
poise (Phocoena phocoena) that required humane killing 
in northern North Carolina in May 2005 (MLC 001) and 
from a yearling male harbor porpoise. The male porpoise 
was captured out of habitat (in a low- salinity canal [3 parts 
salt per 1,000; by comparison, sea water contains 36 parts 
per 1,000] along the northern North Carolina coast) and 
relocated to the ocean in March 2005 (AAH 009). The 
samples were analyzed as follows. Following DNA extrac- 
tion, real-time PCR (using DNA probes) and conventional 
PCR were used to screen for Bartonella DNA in each 
blood sample (23). A preenrichment culture was estab- 
lished from the original sample by using liquid BAPGM 
(24). After a 7-day incubation period, a sample was 
removed from the culture flask for conventional PCR and 
real-time PCR. In addition, sheep blood (used as blood 
supplement for preenrichment culture) and a sheep blood 
preenrichment BAPGM culture were screened for 
Bartonella DNA as a negative control at the time each por- 
poise sample was processed. Bartonella DNA was not 
detected in any control samples. 

Growth Medium 

Preenrichment culture of EDTA-anticoagulated blood 
samples from the 2 porpoises tested in this study was per- 
formed as follows. A 1-mL aliquot of blood was added to 
10 mL of BAPGM and incubated at 35°C in a 5% CO 2 , 
water- saturated atmosphere as previously described (24). 

DNA Extraction and PCR Screening 
of Biood and Biood Cuitures 

Screening for Bartonella species DNA was conducted 
by using conventional PCR and real-time PCR directly 
with EDTA-anticoagulated blood and from the 7-day 
postenrichment BAPGM blood culture samples. Gene 
sequencing was used to establish the species and strain 
classification. DNA was prepared by using the DNA Mini 
Kit (Qiagen, Valencia, CA, USA) from 200 pL of the 
blood sample and from 200 pL of preenrichment blood 
culture in BAPGM medium. After extraction, DNA con- 
centration and quality were measured by using an 
absorbance ratio at 260:280 nm. 


Real-Time PCR Analysis 

Real-time PCR screening for Bartonella species was 
performed as described previously (23). Scorpion 321 flu- 
orescent probe 5'-FAM-CCG CGT TTT TCA AAG CCC 
ACG CGG-QUE-HEG-AGA TGA TGA TCC CAA GCC 
TTC TGG-3' and oligonucleotide 425as 5'-GGA TRA 
AYY RGW AAA CCT TYM YCG G-3' were used as sense 
and antisense primers, respectively, for screening of the 
Bartonella genus-specific ITS region. Identification of 
Bartonella species was conducted by using real-time mul- 
tiplex PCR with species-specific fluorescent probes 
(Taqman, Appled Biosystems, Foster City, CA, USA) in 
conjunction with oligonucleotides 321s 5'-AGA TGA 
TGA TCC CAA GCC TTC TGG CG-3' and 421as 5'-GGA 
TRA AYY RGW AAA CCT TYM YCG G-3' as forward 
and reverse primers (Integrated DNA Technologies, 
Coralville, lA, USA), respectively. The species-specific 
fluorescent probe sequences (Taqman) used were 5'-FAM- 
CCA CCG TGG GCT TTG AAA AAC GCT-3' DBHQl 
for B. henselae, 5'-TexRed-GGG ACT TTA AGG AAG 
ACA CTT TTG TG-BHQ2-3' for B. quintana, 5'-ROX- 
TGC ACA AGC CTC TGA GAG GGA TGA ANG A- 
BHQ2-3' for B. clarridgeiae, and Cy3 5'-CTT TCY TGT 
AAG AGT GTA TTT TTT ATC TAA GA-BHQ2-3' for B. 
vinsonii subspecies herkhoffii. Real-time reactions were 
performed by using a SmartCycler II System (Cepheid, 
Sunnyvale, CA, USA) in 25 -qL reaction volumes as 
described previously (23). Negative controls were pre- 
pared by using DNA extracted from sheep blood samples 
(the same used as blood supplement in B APG liquid medi- 
um). PCR positive controls contained DNA from sheep 
blood samples spiked with 5. clarridgeiae (ATCC 700095; 
American Type Culture Collection, Manassas, VA, USA), 
Bartonella henselae Houston- 1 (ATCC 49882), B. quin- 
tana Fuller (ATCC VR-358), orB. vinsonii subsp. herkhof- 
fii (ATCC 51672) DNA to a final concentration of 10 
fg/qL. Real-time PCR conditions were a single hot-start 
cycle at 95 °C for 30 s, followed by 55 cycles of denaturing 
at 94°C for 10 s, annealing at 58°C for 6 s (for Bartonella) 
or at 60°C for 6 sec (for the 4 Bartonella species), and final 
extension at 72°C for 10 s. Positive amplicons were detect- 
ed by reading fluorescence at the appropriate wavelength. 

Conventional PCR Analysis 

ITS Region 

PCR screening of the Bartonella 16S-23S ITS region 
was performed on samples that were positive by real-time 
PCR, as described (24), when amplicon size allows prelim- 
inary species identification. Oligonucleotides 321s 5'- 
AGA TGA TGA TCC CAA GCC TTC TGG-3' and 983as 
5' Tgt TCT YAC AAC AAT GAT GAT G-3' were used as 
forward and reverse primers, respectively. The ITS region 
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was amplified in a 25-|aL reaction volume that contained 
8.5 jiL of molecular grade water (Epicentre, Madison, WI, 
USA) 0.5 p.L 10 mmol/L dNTP mixture, 2.5 p.L of lOx 
PCR buffer, 2.5 p.L of 25 mmol/L MgCl 2 , and 0.7 units of 
Amplitaq Gold DNA polymerase (Applied Biosystems). 
The reaction mixture was completed by adding 0.25 [iL of 
30 jimol/L of each forward and reverse primer (Integrated 
DNA Technologies) and 10 qL of DNA from each sample 
tested. PCR negative controls contained 10 pL of DNA 
extracted from BAPGM (when testing BAPGM cultures) 
or 10 pL of DNA extracted from sheep blood (when test- 
ing blood samples). Conventional PCR conditions were a 
single hot- start cycle at 95 °C for 5 min, followed by 45 
cycles of denaturing at 94°C for 45 s, annealing at 54°C for 
45 s, and extension at 72 °C for 45 s. Amplification was 
completed by an additional cycle at 72°C for 5 min. 
Products were analyzed by electrophoresis on 2% agarose 
gels and detected by staining with ethidium bromide and 
viewing under UV light. Amplicon products were 
sequenced to identify species strains. 

pap31 Gene Amplification 

PCR species screening was performed by using primers 
designed to amplify a consensus sequence of the phage- 
associated gene pap3l found in several species of the 
Bartonella genus (27). Oligonucleotides Pap31 l(s) 5'- 
GAC TTC TGT TAT CGC TTT GAT TT-3' and Pap3 1 688 
(as) 5'-CAC CAC CAG CAA MAT AAG GCA T-3' were 
used as forward and reverse primers, respectively. 
Amplification of the pap3l gene was performed in a 25- 
pL final volume reaction as described above. PCR condi- 
tions for pap3\ gene amplification were a single hot-start 
cycle at 95 °C for 5 min, followed by 45 cycles of denatur- 
ing at 94°C for 45 s, annealing at 58°C for 45 s, and exten- 
sion at 72°C for 45 s. Amplification was completed by an 
additional cycle at 72°C for 5 min. Products were analyzed 
by electrophoresis on 2% agarose gels and detected by 
staining with ethidium bromide and viewing under UV 
light. Amplicons were sequenced to identify specific 
strains. 

Cloning and Sequencing of ITS 
and pap31 Gene Amplicons 

Bartonella ITS and pap31 DNA sequencing was per- 
formed for 2 positive amplicons for both the ITS and 
pap31 gene to confirm the Bartonella species and strain. 
The amplified PCR products were cloned into the Plasmid 
pGEM-T Easy Vector System (Promega, Madison, WI, 
USA). Recombinants (white colonies) were selected on the 
basis of the right size of the insert in the plasmid using a 
plasmid miniprep procedure (Qiagen). Sequencing of plas- 
mid inserts was done by Davis Sequencing, Inc. (Davis, 
CA, USA). Sequence analysis and alignment with 


GenBank sequences were performed by using AlignX soft- 
ware (Vector NTI Suite 6.0, InforMax, Inc., Erederick, 
MD, USA) to identify bacteria at species and strain level. 

Results 

Blood and Preenrichment Blood Culture Real-Time PCR 

Eollowing direct extraction from blood, Bartonella 
DNA was amplified from 1 (MLC 001) of the 2 porpoises. 
Real-time PCR amplification of Bartonella DNA was pos- 
sible from the harbor porpoise stranded along the North 
Carolina coast, but not from the porpoise (AAH 009) that 
was captured and released until after the 7-day BAPGM 
enrichment period. Using a multiplex real-time PCR assay 
developed in the Vector-Borne Disease Diagnostic 
Laboratory at North Carolina State University, we identi- 
fied B. henselae as the infecting species in both porpoises. 
Bartonella vinsonii subsp. berkhojfii, B. clarridgeae, and 
B. quintana DNA was not detected by using real-time PCR 
species- specific probes, which suggests that these species 
were not present in the original blood samples or in the 
preenrichment cultures. Bartonella DNA was not detected 
by real-time PCR in samples extracted from the sheep 
blood used as a negative control before and after preen- 
richment culture. 

Cloning and Sequencing 

The Bartonella species was confirmed by cloning and 
sequencing the 16S-23S ITS region and the pap3l gene. 
The ITS and pap3\ DNA sequences from both porpoises 
were consistent with that of B. henselae strain San Antonio 
2 (GenBank accession no. AE369529). The 16S-23S ITS 
sequence matches were 675/677 bp (99.7%) for MLC 001 
and 676/677 bp (99.8%) for AAH 009. The ITS sequence 
from MLC 001 contained 2 bp insertions (a C and a T), at 
positions 45 and 675, respectively, when compared with 
the ITS GenBank sequences for B. henselae SA2. 
Sequences from AAH 009 contained only a C insertion at 
position 45. The pap3\ gene sequences derived from both 
porpoises matched 540/540 bp (100%) with B. henselae 
SA2 (GenBank accession no. AE308168). 

Discussion 

We report the first detection of a Bartonella species 
from the blood of a cetacean, the detection of B. henselae 
from a nonterrestrial animal. This study was initiated by a 
request to use molecular diagnostic to evaluate blood from 
a stranded sick porpoise and from a porpoise captured out 
of its natural habitat. 

MLC 001, a yearling female that was stranded in a 
remote location, may have been stranded for many hours 
before it could safely be reached and humanely killed. 
There was no evidence of fisheries interaction. The animal 
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was thin, and necropsy showed no food in its stomach. 
Few obvious gross lesions and parasites were noted. The 
degree of postmortem autolysis was more than would be 
expected in a freshly killed animal. This finding, with 
signs of cranial epaxial and caudal abdominal muscle hem- 
orrhages and the friable condition of the muscle, suggests 
that the animal’s condition likely deteriorated during 
stranding. Results of histopathologic examination were 
unremarkable and lesions known to be consistent with bar- 
tonellosis were not found. 

AAH 009, found swimming in a low-salinity canal, had 
2 lacerations (2.5 and 5 cm long) over the left dorsal trunk 
cranial to the dorsal fin, 1 of which extended the full thick- 
ness through the blubber, but was not bleeding. In addition, 
~8 clusters of pinpoint lesions were observed slightly cra- 
nial and dorsal to the lacerations, which may have been due 
to punctures or viral skin lesions. Assessment of the por- 
poise’s behavior, body condition, and hematologic param- 
eters indicated that it was not debilitated despite its unusual 
location. It was then tagged and released into the ocean. 
Molecular evidence of Bartonella infection was obtained 
by direct PCR on whole blood from MLC 001, and by 
using a recently improved diagnostic method that com- 
bines preenrichment blood culture (24) and real-time PCR 
in samples from AAH 009. An isolate was not obtained 
from either porpoise after application of the preenrichment 
BAPGM blood culture onto a blood agar plate. 

Recently, various emerging or reemerging infectious 
diseases or infections of serious epizootic or zoonotic 
potential have been described in marine mannnals (28-32). 
These include morbillivirus infection, brucellosis, toxo- 
plasmosis, sarcocystosis, papillomavirus infection, and 
West Nile virus infection (29,31,33). As was the case for 
brucellosis, recognized as an emerging disease in a marine 
mannnal in 1994 (34,35), bartonellosis may become an 
important emerging marine mammal infectious disease. 

Current evidence indicates that all known Bartonella 
species are vector transmitted, with bites or scratches (cat 
scratch disease) providing an alternative means of trans- 
mission for B. henselae (2,20). The B. henselae SA2 
sequence deposited in GenBank was amplified from an 
isolate derived from a human lymph node aspiration sam- 
ple (9). Although exposed to rose thorns and cats, the 
patient did not recall an animal bite or scratch, and illness 
developed after a recent tick bite, which was attributed to 
Amblyomma americanum, based on the location and time 
of the year. Since the mode of infection was not estab- 
lished in these porpoises, the potential role of trauma, as 
induced by tooth raking, or transmission by biting marine 
invertebrates should be investigated. 

As for many fastidious pathogens, difficulties associat- 
ed with Bartonella detection and isolation have compro- 
mised efforts to define the role of these organisms in 


disease causation. Enhancement of organism-specific 
DNA detection and isolation through the use of an opti- 
mized isolation medium such as BAPGM can aid in eval- 
uating serodiagnostic assays and may advance 
understanding the diversity, adaptation, and epidemiology 
of this genus (24,36). Based on the recent use of BAPGM 
in the North Carolina State University Vector-Borne 
Disease Diagnostic Laboratory, we believe that chronic 
infection with Bartonella species can contribute to subtle 
clinical abnormalities or vague symptoms in companion 
and wild animals or in humans. 

Angiomatosis, an important pathologic manifestation 
of Bartonella infection in innnunocompromised persons 
(8,21), has been previously reported in bottlenose dolphins 
(37). Since angiomatous lesions are unusual pathologic 
lesions and B. henselae is a recently recognized cause of 
vasoproliferative lesions in humans (8,15), examination of 
angiomatous lesions from cetaceans for the presence of B. 
henselae should be a priority in future studies. In addition, 
the involvement of Bartonella species in disorders of the 
central nervous system and neurologic dysfunction in ani- 
mals and humans (4-7) suggests that this genus should be 
considered in stranding events. Although Bartonella infec- 
tion in the vasculature of reservoir hosts is generally not 
accompanied by pathologic changes, Bartonella spp. may 
become pathogenic in combination with severe stress, mal- 
nutrition, increased exposure to toxins, and concurrent 
infection with other organisms. PCR amplification direct- 
ly from an extracted blood sample or from a preenrichment 
blood culture showed that both porpoises in this study 
were infected with B. henselae SA2. Since infection with 
Bartonella spp. has been documented in a marine mam- 
mal, the clinical impact, mode of transmission, pathology, 
and epidemiology are areas for additional inquiry. 
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We compared antimicrobial resistance phenotypes 
and pulsed-field gel electrophoresis (PFGE) subtypes of 
1 ,028 human and 716 animal Salmonella enterica serotype 
Typhimurium isolates from Minnesota from 1997 to 2003. 
Overall, 29% of human isolates were multidrug resistant. 
Predominant phenotypes included resistance to ampicillin, 
chloramphenicol or kanamycin, streptomycin, sulfisoxa- 
zole, and tetracycline (ACSSuT or AKSSuT). Most human 
multidrug-resistant isolates belonged to PFGE clonal group 
A, characterized by ACSSuT resistance (64%), or clonal 
group B, characterized by AKSSuT resistance (19%). Most 
animal isolates were from cattle (n = 358) or swine (n = 
251). Eighty-one percent were multidrug resistant; of these, 
54% were at least resistance phenotype ACSSuT, and 43% 
were at least AKSSuT. More than 80% of multidrug-resist- 
ant isolates had a clonal group A or B subtype. Resistance 
to ceftriaxone and nalidixic acid increased, primarily among 
clonal group A/ACSSuT isolates. Clonal group B/AKSSuT 
isolates decreased over time. These data support the 
hypothesis that food animals are the primary reservoir of 
multidrug-resistant S. Typhimurium. 

N ontyphoidal salmonellae are a leading cause of acute 
gastroenteritis in the United States (1). Salmonella 
enterica serotype Typhimurium is the most common 
serotype isolated from humans (2). In the 1990s, mul- 
tidrug-resistant (MDR) S. Typhimurium definitive phage 
type 104 (DTI 04) emerged in the United States; most iso- 
lates were resistant to ampicillin, chloramphenicol, strep- 
tomycin, sulfisoxazole, and tetracycline (resistance 
phenotype [R-type] ACSSuT) (3). S. Typhimurium R-type 
AKSSuT (with resistance to kanamycin) has also recently 
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emerged in the United States (4). Several studies have doc- 
umented adverse health effects due to the increasing resist- 
ance observed in S. Typhimurium (5-9). These effects 
include an increased risk for infection with S. 
Typhimurium (5), increased risk for bloodstream infection 
(6), increased risk for hospitalization (6,7), treatment fail- 
ures (8), and increased risk for death (9). 

MDR S. Typhimurium strains have been well document- 
ed in food animals, as have MDR S. Typhimurium out- 
breaks in humans from animal contact or foods of animal 
origin (8,10-17). However, contemporaneous parallel data 
on resistance in human and animal S. Typhimurium isolates 
in the United States are limited (18), and an advisory panel 
has called for linking surveillance for bacterial resistance in 
animals and humans to further evaluate the human health 
effects of antimicrobial drug use in agriculture (19). The 
objectives of our study were to evaluate antimicrobial 
resistance and molecular subtyping data from all human 
clinical S. Typhimurium isolates received through 
statewide, population-based, active laboratory surveillance 
in Minnesota and to compare the human isolates to isolates 
from clinically ill animals in Minnesota identified by the 
Minnesota Veterinary Diagnostic Laboratory (MVDL). 

Methods 

Human and Animal Isolates 

The Minnesota Department of Health (MDH) requires 
clinical laboratories to submit all Salmonella isolates to its 
public health laboratory as part of active, laboratory-based 
surveillance. MDH audits clinical laboratories to ensure 
complete reporting. Human S. Typhimurium isolates sub- 
mitted to MDH from 1997 to 2003 were eligible for this 
study. Isolates that were part of an identified outbreak were 
excluded, except for the index case-isolate. Isolates from 
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secondary cases in household clusters and duplicate sub- 
missions from the same case also were excluded. 

MVDL is a regional laboratory for veterinarians; perti- 
nent diagnostic samples are cultured for Salmonella spp. 
Isolates are sent to the National Veterinary Services 
Laboratories (Ames, Iowa) for serotyping. Confirmed S. 
Typhimurium isolates are forwarded to MDH. S. 
Typhimurium isolates obtained from diagnostic specimens 
from sick animals cultured at MVDL from 1997 to 2003 
were eligible for this study. Isolates from the same farm 
with the same pulsed-field gel electrophoresis (PFGE) 
subtype discovered within 1 year of the initial isolate col- 
lection date were excluded. Research animal submission, 
environmental sample, and non-Minnesota animal isolates 
were excluded. 

Study Populations 

From 1997 to 2003, a total of 4,333 culture-confirmed 
cases of human salmonellosis were reported in Minnesota. 
S. Typhimurium was the most common serotype; it 
accounted for 1,193 (28%) cases overall (median 172 
cases/year, range 124-201). Of the 1,193 human S. 
Typhimurium case-isolates, 1,028 (86%) were included in 
this study (Table 1). 

A total of 716 animal isolates were included in this 
study (median 91/year, range, 67-150) (Table 1). Isolates 
represented 644 farms and animal owners and 72 of 87 
Minnesota counties. Most isolates were of bovine (n = 358, 
50%) or porcine (n = 251, 35%) origin. Cattle isolates 
decreased markedly over time: 106 isolates in 1997, 100 
isolates in 1998, 49 isolates in 1999, 31 isolates in 2000, 


29 isolates in 2001, 18 isolates in 2002, and 25 isolates in 
2003. Conversely, swine isolates increased over time: 32 
isolates in 1997, 27 isolates in 1998, 33 isolates in 1999, 
22 isolates in 2000, 44 isolates in 2001, 39 isolates in 2002, 
and 54 isolates in 2003. The remaining isolates included 38 
(5%) avian (5 turkey, 1 chicken, 7 unknown, and 25 mis- 
cellaneous species), 29 (4%) equine, 21 (3%) feline, 7 
(1%) canine, and 12 (2%) other species. 

Isolate Testing 

All S. Typhimurium isolates (including variant 
Copenhagen) submitted to MDH were confirmed as S. 
Typhimurium and subtyped by PFGE. PFGE patterns were 
compared by using BioNumerics software (Applied 
Maths, Sint-Martens-Latem, Belgium) with the Dice coef- 
ficient and a 1% band matching criterion (20). Patterns 
with no visible differences were considered indistinguish- 
able. Subtypes for S. Typhimurium at MDH are designated 
with the prefix “TM” followed by a number (e.g., TM123). 
PFGE patterns are also submitted to the PulseNet national 
database. Antimicrobial susceptibility testing was per- 
formed with the disc diffusion method and interpretive 
standards of the National Committee for Clinical and 
Laboratory Standards (NCCLS) (21). Antimicrobial sus- 
ceptibility was determined for ampicillin (A), chloram- 
phenicol (C), kanamycin (K), streptomycin (S), 
sulfisoxazole (Su), tetracycline (T), cephalothin (Ct), cef- 
triaxone (Cr), ciprofloxacin (Cp), gentamicin (G), nalidix- 
ic acid (Na), and trimethoprim/sulfamethoxazole (Sxt). 
The Etest for MIC was performed on isolates with interme- 
diate susceptibility to ceftriaxone by disc diffusion; MICs 


Table 1 . Multidrug-resistance phenotypes of Salmonella enterica serovar Typhimurium isolates from Minnesota residents and animals, 

1997-2003* 

No. isolates 


1997 1998 1999 2000 2001 2002 2003 Total 


Resistance phenotype 

167 

Hu 

150 

An 

163 

Hu 

146 

An 

157 

Hu 

109 

An 

152 

Hu 

67 

An 

155 

Hu 

78 

An 

118 

Hu 

75 

An 

116 

Hu 

91 

An 

1,028 

Hu 

716 

An 

At least pentaresistant 

53 

132 

55 

124 

50 

81 

41 

49 

46 

67 

22 

55 

29 

72 

296 

580 

AKSSuT 

14 

76 

15 

72 

11 

38 

5 

18 

5 

13 

2 

5 

1 

10 

53 

232 

ACSSuT 

29 

18 

26 

20 

26 

18 

27 

17 

30 

37 

12 

32 

20 

38 

170 

180 

At least pentaresistant 

10 

38 

14 

32 

13 

25 

9 

14 

11 

17 

8 

18 

8 

24 

73 

168 

but not AC or AK 

ACKSSuT 

3 

12 

4 

17 

4 

4 

0 

2 

0 

5 

1 

2 

0 

4 

12 

46 

At least ACSSuT + Cr 

1 

3 

0 

3 

0 

3 

4 

1 

5 

1 

2 

4 

3 

8 

15 

23 

and/or Naff 

At least AKSSuT + Cr 

1 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

2 

0 

and/or Naff 

ACSSuT§ + >2 drugs 

1 

0 

0 

3 

0 

1 

0 

1 

4 

2 

1 

1 

4 

2 

10 

10 

AKSSuT§ + >2 drugs 

3 

1 

1 

0 

1 

0 

0 

0 

1 

0 

0 

3 

1 

3 

7 

7 

ACKSSuT + >1 drug 

1 

20 

6 

8 

0 

12 

3 

5 

1 

3 

1 

7 

1 

9 

13 

64 


*Hu, human; An, animal; A, ampicillin; C, chloramphenicol; K, kanamycin; S, streptomycin; Su, sulfisoxazole; T, tetracycline; Cr, ceftriaxone; Na, nalidixic 
acid. 

fResistance phenotype ACKSSuT isolates are included as ACSSuT but not AKSSuT. 

JResistance phenotype ACSSuT accounted for 11 (61%) of 18 human ceftriaxone-resistant isolates, 10 (91%) of 11 human nalidixic acid-resistant 
isolates, 22 (88%) of 25 animal ceftriaxone- resistant isolates, and 2 (50%) of 4 animal nalidixic acid-resistant isolates. Seven human isolates and 1 
animal isolate (from a turkey) were resistant to both ceftriaxone and nalidixic acid; all were multidrug resistant; and 6 of 7 human and the animal isolate 
were also at least ACSSuT. No isolates were resistant to ciprofloxacin. 

§Resistance phenotype ACKSSuT not included as ACSSuT or AKSSuT. 
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were interpreted according to NCCLS criteria (21). An 
MIC of 48 |ag/mL was considered resistant. Multidmg 
resistance was defined as resistance to >5 antimicrobial 
drugs. 

PFGE data were analyzed by the first 3 tiers of criteria 
described by Tenover et al. (0, 1- to 3-, and 4- to 6-band 
differences) (22). Two primary PFGE subtype clusters that 
accounted for a large proportion of MDR isolates were 
identified on the basis of a <3 -band difference: 1) clonal 
group A (CGA), composed of subtypes <3 bands different 
from PFGE subtype TM5b, and 2) clonal group B (CGB), 
composed of subtypes <3 bands different from PFGE sub- 
type TM54. 

Statistical Analysis 

Resistance was analyzed in terms of R- types ACSSuT, 
AKSSuT, and ACKSSuT. R-type ACKSSuT isolates were 
included in analyses of “at least R-type ACSSuT” isolates, 
but not “at least R-type AKSSuT” isolates. Where indicat- 
ed, ACKSSuT isolates were evaluated independently of 
ACSSuT. R-types were analyzed in terms of clonal group. 
The y} test for trend was used to evaluate resistance trends 
(Epilnfo 6.04d, Centers for Disease Control and 
Prevention, Atlanta, GA, USA). Proportions were com- 
pared by using the y} test. Uncorrected p value and exact 
95% mid-p limits for the maximum likelihood estimate of 
the odds ratio (OR) were used. A p value <0.05 was con- 
sidered significant. 

Results 

Human Isolates 

Of the 1,028 S. Typhimurium isolates, 455 (44%) were 
resistant to >1 antimicrobial drug, and 296 (29%) were 
MDR (Table 1). Among MDR isolates, 217 (73%) were at 
least R-type ACSSuT, and 64 (22%) were at least AKSSuT 
(Table 2). The proportion of MDR isolates decreased from 


32% in 1997 to 25% in 2003 for linear trend 6.3, p = 
0.01) (Figure 1). The proportion that were at least AKSSuT 
also decreased, from 10% in 1997 to 3% in 2003 icy} for 
linear trend 17.7, p<0.001). 

Eighteen (1.8%) isolates were resistant to ceftriaxone; 
all were MDR (Table 1). Ceftriaxone resistance was more 
prevalent from 2000 to 2003 (2.8%) than from 1997 to 
1999 (0.6%) (OR 4.6, 95% confidence interval [Cl] 
1.4-20.0, p = 0.008). Eleven (1.2%) isolates were resistant 
to nalidixic acid; all were MDR. Nalidixic acid resistance 
was more prevalent from 2000 to 2003 (1.8%) than from 
1997 to 1999 (0.2%) (OR 9.2, 95% Cl 1.5-200.8, p = 
0.011). Fifty-one (5%) isolates were resistant to trimetho- 
prim-sulfamethoxazole. Of these, 34 (67%) were MDR, 
including 20 (39%) that were at least R-type ACSSuT and 
6 (12%) that were at least AKSSuT. Forty-three (4%) iso- 
lates were resistant to gentamicin; of these, 23 (53%) were 
MDR. 

We identified 271 unique PFGE subtypes among the 
1,028 human S. Typhimurium isolates (median 63 sub- 
types/year, range 52-72). The 10 most common subtypes 
accounted for 509 (50%) isolates. CGA was composed of 
31 PFGE subtypes. These subtypes accounted for 217 
(21%) of all 1,028 human isolates, 188 (64%) of 296 MDR 
isolates, and 181 (83%) of 217 isolates that were at least R- 
type ACSSuT, including 12 isolates that were at least R- 
type ACKSSuT (Table 2, Figures 2 and 3). 

CGB was composed of 20 subtypes and accounted for 
81 (8%) of all 1,028 human isolates, 55 (19%) of 296 
MDR isolates, and 51 (80%) of 64 isolates that were at 
least R-type AKSSuT (Table 2, Figures 2 and 3). The num- 
ber of isolates with CGB subtypes decreased substantially 
from 2001 to 2003 (Figure 2). 

Animal Isolates 

Overall, 640 (89%) of the 716 animal S. Typhimurium 
isolates were resistant to >1 antimicrobial drug, and 580 


Table 2. Distribution of human and animal isolate resistance phenotypes in PFGE clonal groups, Minnesota 1997-2003* 

No. isolates by resistance phenotype 


Clonal group! 

At least 
ACSSuT! 

At least 
AKSSuT! 

At least 
ACKSSuT 

Other resistance 
phenotypes 

Pansusceptible 

isolates 

Total 

Human isolates 

Clonal group A 

169 

1 

12 

27 

8 

217 

Clonal group B 

1 

51 

1 

23 

5 

81 

Other 

22 

12 

12 

124 

560 

730 

Total 

192 

64 

25 

174 

573 

1,028 

Animal isolates 

Clonal group A 

182 

3 

67 

10 

2 

264 

Clonal group B 

1 

227 

21 

27 

2 

278 

Other 

21 

20 

23 

38 

72 

174 

Total 

204 

250 

111 

75 

76 

716 


*PFGE, pulsed-field gel electrophoresis; A, ampicillin; C, chloramphenicol; K, kanamycin; S, streptomycin; Su, sulfisoxazole; T, tetracycline. 
fClonal groups are composed of subtypes that are <3 bands different from PFGE subtype TM5b (clonal group A) or <3 bands different from subtype 
TM54 (clonal group B). 

JDoes not include ACKSSuT. 
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Figure 1 . Percentage of Salmonella enterica serovar Typhi murium 
isolates from Minnesota humans (A) and animals (B) with mul- 
tidrug resistance (i.e., resistance to >5 antimicrobial drugs), includ- 
ing resistance phenotypes (R-types) ACSSuT and AKSSuT, 
1997-2003. A, ampicillin; C, chloramphenicol; K, kanamycin; S, 
streptomycin; Su, sulfisoxazole; T, tetracycline. R-type ACKSSuT 
is included as R-type ACSSuT but not AKSSuT. 


(81%) were MDR (Table 1). Of the 580 MDR isolates, 315 
(54%) were at least ACSSuT, and 250 (43%) were at least 
AKSSuT (Table 2). The proportion of isolates that were at 
least ACSSuT increased over time (%^ for linear trend 39.5, 
p<0.001). Conversely, the proportion that were at least 
AKSSuT decreased (x^ for linear trend 71.7, p<0.001) 
(Figure 1). 

Of the 358 cattle isolates, 205 (57%) were at least R- 
type AKSSuT, and 101 (28%) were at least ACSSuT. The 
decrease in cattle isolates over time reflected a decrease in 
the number that were at least AKSSuT (Figure 2). In addi- 
tion, the proportion of cattle isolates that were at least 
AKSSuT decreased significantly over time (%^ for linear 
trend 8.9, p = 0.003). 

Of the 251 swine isolates, 180 (72%) were at least R- 
type ACSSuT, and 30 (12%) were at least AKSSuT. The 
increase in swine isolates over time reflected an increase in 
the number that were at least ACSSuT (Figure 2). In addi- 
tion, the proportion of swine isolates that were at least 
ACSSuT increased significantly over time (x^ for linear 


trend 25.4, p<0.001). Nine (24%) of 38 avian isolates, 19 
(66%) of 29 equine isolates, and 15 (71%) of 21 feline iso- 
lates were MDR. 

Twenty-five (3.5%) animal isolates were resistant to 
ceftriaxone. Ceftriaxone resistance was more prevalent 
from 2000 to 2003 (5.1%) than from 1997 to 1999 (2.2%) 
(OR 2.4, 95% Cl 1. 0-5.7, p = 0.035). Twelve ceftriaxone- 
resistant isolates were from cattle, and 10 were from 
swine. Four (0.6%) animal isolates were resistant to 
nalidixic acid, including 1 bovine isolate in 1997 and 3 
turkey isolates in 2003. Eighty-one (11%) animal isolates 
were resistant to trimethoprim-sulfamethoxazole. Of these, 
79 (98%) were MDR, and 62 (77%) were at least ACSSuT. 
Seventy-one (10%) animal isolates were resistant to gen- 
tamicin. Of these, 69 (97%) were MDR, and 44 (62%) 
were at least ACSSuT. 

A total of 190 unique PFGE subtypes were identified 
among the 716 animal isolates (median 36 subtypes/year, 
range 31-47). Among animal isolates, CGA was composed 
of 48 PFGE subtypes. CGA accounted for 264 (37%) of all 
716 animal isolates, 256 (44%) of 580 MDR isolates, and 

249 (79%) of 315 isolates that were at least R-type 
ACSSuT, including 67 at least ACKSSuT isolates (Table 2, 
Figures 2 and 3). CGB was composed of 35 subtypes. 
CGB accounted for 278 (39%) of all 716 animal isolates, 

250 (43%) of 580 MDR isolates, and 227 (91%) of 250 
isolates that were at least R-type AKSSuT. 

Distribution of PFGE subtypes differed by species and 
year (Figures 2 and 4). CGB subtypes occurred predomi- 
nantly in cattle and accounted for 67% of cattle isolates. As 
with AKSSuT isolates, CGB subtype isolates were numer- 
ous in cattle from 1997 to 1998, but the number dropped 
markedly in 2002 and 2003 (Figure 2). CGA subtype iso- 
lates increased in swine from 2000 to 2003 and substantial- 
ly outnumbered CGA cattle isolates during those years. 
CGA isolates in cattle were most common from 1997 to 
1998 and then declined to a relatively stable, low level 
(Figure 2). 

Of 9 MDR avian isolates, 5 were in CGA and 1 was in 
CGB. Of 19 MDR equine isolates, 4 were in CGA and 5 
were in CGB. Of 15 MDR feline isolates, 8 were in CGA 
and 6 were in CGB. 

Animal-Human Isolate Comparison 

Combining the 1,028 human and 716 animal S. 
Typhimurium study isolates, 395 PFGE subtypes were 
identified. Sixty-six subtypes occurred both in animals and 
humans. These 66 subtypes represented 673 (65%) of 
human and 537 (75%) of animal isolates. Eighteen (27%) 
of shared subtypes were in CGA, and 12 (18%) were in 
CGB. 

Combining the 296 MDR human isolates and the 580 
MDR animal isolates, 183 PFGE subtypes were identified. 
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Figure 2. Distribution of Salmonella enterica serovar Typhimurium 
clonal group A pulsed-field gel electrophoresis (PFGE) subtypes 
and clonal group B PFGE subtypes among clinical isolates from 
humans and animals by species, Minnesota, 1997-2003. Clonal 
group A subtypes were <3 bands different from subtype TM5b by 
PFGE and were associated with resistance to ampicillin, chloram- 
phenicol, streptomycin, sulfisoxazole, and tetracycline. Clonal 
group B PFGE subtypes were <3 bands different from subtype 
TM54 and were associated with resistance to ampicillin, 
kanamycin, streptomycin, sulfisoxazole, and tetracycline. H, C, 
and S indicate human, cattle, and swine isolates, respectively. 


Of these subtypes, 31 occurred both among human and 
animal MDR isolates. These 31 subtypes represented 237 
(80%) human MDR isolates and 442 (76%) animal MDR 
isolates. Eighteen of the 31 shared MDR subtypes were in 
CGA, and 7 were in CGB. Of the 296 MDR human iso- 
lates, 177 (60%) had a CGA subtype that also occurred 
among MDR animal isolates, and 51 (17%) had a CGB 
subtype that also occurred among MDR animal isolates. 
Of the 296 MDR human isolates, 243 (82%) belonged to 
CGA (64%) or CGB (19%). Of the 580 MDR animal iso- 
lates, 506 (87%) belonged to CGA (44%) or CGB (43%). 

The 6 most common individual subtypes in animals, all 
of which were in CGA or CGB (Figure 3), were represent- 
ed among human isolates (Figure 4). TM5b, the second 
most common animal subtype, was the most common 
human subtype. TM54, the most common animal subtype, 
was sixth in humans. TM123 was the third most common 
animal subtype and fifth in humans (Figure 4). 

Discussion 

This study provides a comprehensive comparison of 
clinical human and animal S. Typhimurium isolates from 
the same area. Overall, 29% of human S. Typhimurium 
isolates in Minnesota were MDR. Isolates with at least R- 
types ACSSuT or AKSSuT made up almost all (95%) of 
MDR S. Typhimurium in humans. Resistance phenotypes 
that were at least ACSSuT predominated. The level of mul- 


tidrug resistance in human isolates decreased from 1997 to 
2003, corresponding to a decrease in R-type AKSSuT iso- 
lates. Resistance to at least ACSSuT was stable over time. 
The level of multidrug resistance observed in human iso- 
lates in Minnesota was slightly lower than that observed 
through the National Antimicrobial Resistance Monitoring 
System (NARMS) through 2002; however, multidrug 
resistance trends for S. Typhimurium generally paralleled 
NARMS findings (4,23). 

Increasing resistance to ceftriaxone documented in 
human isolates in Minnesota indicated that ceftriaxone 
resistance continues to emerge in S. Typhimurium in the 
United States (13,24). The 1.8% resistance to nalidixic 
acid observed in human isolates from 2000 to 2003 was 
not substantially higher than the 1% resistance among 
NARMS isolates from 2000 to 2002 (23) but was signifi- 
cantly higher than that seen in our isolates from 1997 to 
1999. Most of the isolates that were resistant to both cef- 
triaxone and nalidixic acid were from 2000 or later. 
Resistance to these antimicrobial agents, as well as gen- 
tamicin and trimethoprim- sulfamethoxazole, frequently 
occurred in isolates that were also resistant to >5 other 
antimicrobial drugs; this finding was true for all isolates 
that were resistant to ceftriaxone or nalidixic acid. 
Resistance to these clinically important antimicrobial 
drugs was associated most frequently with ACSSuT resist- 
ance rather than AKSSuT resistance. 

The increasing resistance to ceftriaxone and nalidixic 
acid (an elementary quinolone) is of concern because 
extended- spectrum cephalosporins and fluoroquinolones 
are needed to treat serious Salmonella infections. Recent 
experiences in Denmark have shown treatment failures 
and excess deaths associated with quinolone-resistant S. 
Typhimurium (8,9). The addition of resistance to clinical- 
ly useful antimicrobial drugs to already-pentaresistant R- 
types is added cause for concern because pentaresistant S. 
Typhimurium strains are more likely to cause infection (5) 
and adverse health outcomes (6,7) than drug- susceptible 
strains. 

Despite the overall diversity observed among S. 
Typhimurium isolates by PFGE, human MDR isolates 
were highly clonal. Even when a relatively stringent defi- 
nition of a clonal group (<3-band difference) was used, 
>80% of human MDR isolates composed 2 clonal groups. 
CGA isolates were characterized by ACSSuT resistance 
and represented most human MDR isolates. Of isolates 
from this study that were previously phage typed, those in 
CGA have all been in the DT104 complex (12,25,26). The 
clonal nature of ACSSuT/DT104 S. Typhimurium in the 
United States has been well documented (20,27). 

CGB isolates were characterized by AKSSuT resist- 
ance. This group accounted for 19% of human MDR iso- 
lates overall but was more prevalent early in the study. 
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Figure 3. Pulsed-field gel electrophoresis 
(PFGE) patterns of common Salmonella 
enterica serovar Typhimurium subtypes 
observed among clinical isolates from 
humans and animals in Minnesota. The 3 
clonal group B (CGB) PFGE subtypes rep- 
resent the 3 most common CGB subtypes 
in animals and humans. The 3 clonal 
group A (CGA) PFGE subtypes represent 
the most common CGA subtypes in ani- 
mals and humans. PulseNet designations 
are those used in the PulseNet national 
database of the Centers for Disease 
Control and Prevention (CDC). 


after which a marked decline occurred. As with the 
ACSSuT/DT104 complex, AKSSuT isolates appear to be 
largely clonal in nature. 

Most S. Typhimurium isolates from clinically ill animals 
in Minnesota were MDR, which emphasizes that MDR 
strains are prevalent animal pathogens (10). High resistance 
levels occurred in all species, throughout the state, and dur- 
ing the entire study period. As with humans, most MDR 
animal isolates were in either the CG A/ACS SuT (DTI 04) 
or CGB/AKSSuT clonal groups. PFGE subtypes found 
among human and animal MDR isolates were remarkably 
similar. This similarity is striking considering that 
Minnesota residents may be exposed to S. Typhimurium 
during travel or from food produced outside Minnesota. 

Among animals, the CGB /AKSSuT clonal group was 
most common in cattle. The sharp decrease in CGB iso- 
lates in cattle was mirrored by a similar decrease in 
humans. The cause of this decrease in cattle is not known. 
The CGA/ACSSuT clonal group was distributed more 
evenly among all animal species but became more com- 
mon in swine over time. The cause for the increase in 
swine CGA/ACSSuT isolates is not known. 

MDR S. Typhimurium strains similar to those from our 
study have been recovered from food animals and retail 
meat products by other investigators, and multiple MDR S. 
Typhimurium outbreaks caused by foods of animal origin 
or animal contact have been documented (8,10,11,13- 
16,28,29). Our data provide additional evidence that food 
animals are the primary reservoir of MDR S. Typhimurium 
for humans; MDR S. Typhimurium that belong to CGA or 
CGB were documented in cattle or swine herds on hun- 
dreds of farms throughout Minnesota. Testing isolates with 
additional genetic subtyping methods and identifying 
resistance determinants would help further characterize the 
relationship between animal and human isolates (22,30). 
In addition, data on use of antimicrobial drugs in animal 
production (which are currently unavailable in the United 
States because requirements are lacking) would be helpful 
in assessing this issue. 


Although the number of isolates was relatively small, 
the level of multidrug resistance was high in both cat and 
horse isolates. CGA/ACSSuT and CGB/AKSSuT isolates 
were observed in both species. The importance of these 
infections in companion animals has been demonstrated by 
recent MDR S. Typhimurium outbreaks in humans associ- 
ated with small animal veterinary facilities, including a 
Minnesota outbreak of CGA/ACSSuT DT104 infections in 
persons who adopted infected kittens from a humane 
society (12). 

The source of animal isolates for our study is a limita- 
tion in that Salmonella isolates from clinically ill animals 
overstate the level of antimicrobial resistance observed in 
isolates from healthy animals; therefore, strains from ill 
animals are not representative of strains carried by animals 
at slaughter (31,32). However, when we have evaluated S. 
Typhimurium isolates from other studies, the most promi- 
nent CGA and CGB subtypes from our study also have 
been found in healthy food animals or their environments. 
For example, TM5b and TM123 isolates were recovered 



PFGE sublype designalion 

Figure 4. Frequency of pulsed-field gel electrophoresis (PFGE) 
subtypes that occurred >15 times among clinical human or animal 
Salmonella enterica serovar Typhimurium isolates in Minnesota, 
1997-2003. Subtypes TM5b, TM123, and TM218 are part of clon- 
al group A (subtypes <3 bands different from subtype TM5b). 
Subtypes TM54, TM54a, and TM97 are part of clonal group B 
(subtypes <3 bands different from subtype TM54). 
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from healthy, market-ready pigs at slaughter (J.B. Bender, 
unpub. data). Subtypes TM5b, TM123, and TM54 were 
represented among poultry isolates evaluated by 
Rajashekara et al. (28). In a study of Salmonella isolates on 
dairy farms in 4 states, including Minnesota, subtypes 
TM5b and TM54 were recovered from healthy dairy cows 
or environmental samples (33). Finally, MDR S. 
Typhimurium is present in the retail meat supply; in a 
recent study, almost all strains of S. Typhimurium recov- 
ered from ground meat (pork and chicken) were MDR 
phage types DTI 04 or DT208 (29). 

Another limitation of our study was the underrepresen- 
tation of poultry isolates. Minnesota is a leading poultry 
producer; however, most poultry diagnostics are conduct- 
ed by the Minnesota Poultry Testing Laboratory. This lab- 
oratory has documented DTI 04 in Minnesota poultry (28). 
In our study, 3 of 4 nalidixic acid-resistant animal isolates 
were from turkeys, even though very few turkey isolates 
were tested. The role of poultry as a potential reservoir for 
MDR S. Typhimurium, including nalidixic acid-resistant 
strains, should be more thoroughly evaluated. 

We agree with other investigators that the emergence of 
multidrug resistance in S. Typhimurium is associated with 
the widespread dissemination of clonal groups (27,34). 
The changing trends of MDR S. Typhimurium in cattle 
versus swine observed in our study and the presence of 
MDR strains in poultry indicate that more study of individ- 
ual subtypes and resistance determinants (including specif- 
ic mobile genetic elements) is required to understand the 
movement of these strains within and between animal 
species. Improved biosecurity practices to interrupt dis- 
semination are undoubtedly the key in controlling these 
strains (27). 

The potential role of the selection pressure of antimi- 
crobial drugs used in animal agriculture in the dissemina- 
tion of MDR S. Typhimurium clonal groups must be 
considered. The ability of MDR S. Typhimurium strains to 
accumulate additional resistances allows them to survive 
under a wide range of conditions when antimicrobial 
agents are used. Use of antimicrobial drugs to which MDR 
S. Typhimurium strains are already resistant may increase 
the number of animals infected with these strains and the 
number of animals that manifest clinical illness. This use 
is inherently likely to contribute to increased dissemina- 
tion, both within and between farms. Thus, we encourage 
the judicious use of all antimicrobial drugs in animals as 
well as in humans. In particular, the recommendation (19) 
that nonessential uses of specific antimicrobial drugs in 
food animals should be eliminated (e.g., the use of tetracy- 
clines and penicillins for growth promotion and feed effi- 
ciency) has merit. MDR S. Typhimurium strains are 
serious pathogens in food animals and humans. Restricting 
conditions that favor their dissemination should return the 


benefits of reduced incidence and severity of S. 
Typhimurium infections in both animals and humans. 
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Five years after the apparent end of the major 1995 
Venezuelan equine encephalitis (VEE) epizootic/epidemic, 
focal outbreaks of equine encephalitis occurred in 
Carabobo and Barinas States of western Venezuela. Virus 
isolates from horses in each location were nearly identical 
in sequence to 1995 isolates, which suggests natural per- 
sistence of subtype 1C VEE virus (VEEV) strains in a genet- 
ically stable mode. Serologic evidence indicated that 
additional outbreaks occurred in Barinas State in 2003. 
Field studies identified known Culex (Melanoconion) spp. 
vectors and reservoir hosts of enzootic VEEV but a dearth 
of typical epidemic vectors. Cattle serosurveys indicated 
the recent circulation of enzootic VEEV strains, and possi- 
bly of epizootic strains. Persistence of VEEV subtype 1C 
strains and infection of horses at the end of the rainy sea- 
son suggest the possibility of an alternative, cryptic trans- 
mission cycle involving survival through the dry season of 
infected vectors or persistently infected vertebrates. 

V enezuelan equine encephalitis (VEE) is a reemerging, 
mosquitoborne viral disease of humans and equines 
(1). Equines serve as highly efficient amplification hosts 
for mosquitoborne transmission of 2 VEE virus (VEEV) 
epidemic subtypes, lAB and IC. Humans become infected 
primarily through the bites of the large numbers of mos- 
quitoes that can be infected by viremic horses. Enzootic 
VEEV strains of variants ID and IE, closely related anti- 
genically and genetically to each other and to variants lAB 
and IC, circulate in lowland tropical forests and swamps 


*Universidad Central de Venezuela, Caracas, Venezuela; 
flnstituto Nacional de Investigaciones Agropecuarias, Maracay, 
Venezuela; flnstituto Nacional de Higiene, Caracas, Venezuela; 
#Sociedad Venezolana de Ciencias Naturales, Venezuela; 
lIMinisterio de Agriculture y Tierras, Barinas, Venezuela; and 
§University of Texas Medical Branch, Galveston, Texas, USA 


among small mammals but are incapable of equine ampli- 
fication to cause epidemics (2). 

After a long period of inactivity from 1973 to 1992, 
recent outbreaks in Venezuela (3,4), Colombia (5), and 
Mexico (6) underscore the continued threat of VEE in the 
Americas. Because recent outbreaks have occurred sporad- 
ically, often with many intervening years of epidemic inac- 
tivity, the origin of strains of VEEV subtypes lAB and IC 
was enigmatic for many years. Of several hypotheses pro- 
posed (7), only 2 have been supported by antigenic and 
genetic comparisons of VEEV strains and experimental 
studies. The first hypothesis, suggested by sequence data, 
is that some epidemics that occurred between the first iso- 
lation of VEEV in 1938 and the last outbreak involving a 
strain of the lAB subtype in 1973 resulted from the use of 
incompletely inactivated vaccines produced from strains 
of VEEV subtype lAB (8). The lack of VEEV subtype lAB 
outbreaks since inactivated virus vaccines were replaced 
by the TC-83 attenuated vaccine strain (a subtype lAB 
virus) in the early 1970s also supports this hypothesis. The 
second hypothesis, supported by genetic studies, is that 
epizootic/epidemic (henceforth called epidemic) subtype 
lAB and IC VEEV strains arise through mutation from 
enzootic subtype ID VEEV strains (9). The strongest such 
evidence links a small, 1992-93 Venezuelan VEE outbreak 
caused by a subtype IC virus strain to sympatric strains of 
enzootic subtype ID virus (3,10). 

The last major VEE epidemic began in April 1995 in 
the northern Venezuelan state of Ealcon and spread 
throughout most of northern Venezuela and into La Guajira 
peninsula of northeastern Colombia to cause -75,000- 
100,000 human cases with -300 deaths (Eigure 1) (4,5). 
Although the total number of equine cases was not report- 
ed, it was probably of a similar order of magnitude. The 
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Figure 1. Map of Venezuela showing 
locations of the 1995 Venezuelan equine 
encephalitis outbreak and the small out- 
breaks of 2000 and 2003, along with sur- 
veillance study sites. 
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last equine and human cases were reported in December 
1995 in Trujillo, Portuguesa, Cojedes, and Guarico States 
of Venezuela. After the apparent end of the 1995 outbreak, 
no confirmed epidemic or epizootic VEE occurred in 
South America for >4 years. 

During December 1999 and Eebruary 2000, small, 
focal outbreaks of equine encephalitis were reported dur- 
ing the end of the rainy season and beginning of the dry 
season in Carabobo and Barinas States of Venezuela 
(Eigure 1). Similar outbreaks occurred in Barinas State 
during October 2003. Clinical case descriptions, viral 
genetic studies, and preliminary surveillance in the region 
suggested persistence of VEEV subtype IC after 1995 in a 
cryptic transmission cycle. 

Materials and Methods 

Collection of Animal Samples 

Arboviral surveillance was conducted in 2 regions of 
Barinas State: 1) Zamora and Obispos Counties and 2) 
Arismendi County (Eigure 1). Eour farms were studied in 
Zamora and Obispos Counties from April 2001 to October 
2003: 1) El Relampago (7°57'24"N, 70°59'20"W); 2) El 
Porvenir (7°49 -8°49'N; 70°37'-70°55'W); 3) La 
Grandeza (7°50'13"N, 70°44'25"W), and 4) Boca de Quiu 
(7°51'-57"N, 70°43'52"W). In Arismendi County, studies 
occurred in October 2003, at the end of the outbreak, on 4 
farms: 1) Los Mesones (8°31'52"N, 68°21'49" W); 2) Mis 
Cantares (8°24'09"N, 68°17'93"W); 3) Don Eduardo 
(8°28'36"N, 68°21'94"), and 4) La Espuela (8°28'72"N, 
68°21'68"W, including equines obtained from El 
Diamante). These farms, typical of the region, focus main- 
ly on cattle production; equines are maintained for herding. 


At each site, Syrian golden hamsters were exposed in 
coquito cages (11) for 7 days. Cages were suspended 
1.2-1. 5 m above the ground in transects at 20- to 25-m 
intervals, and hamsters were inspected and fed carrots 
daily. Blood samples were collected by cardiac puncture 
from moribund hamsters and from those surviving expo- 
sure; heart and spleen samples were then dissected and 
preserved in liquid nitrogen. The maintenance and care of 
animals complied with guidelines of the University of 
Texas Medical Branch and the Institute Nacional de 
Higiene. 

Parallel to the hamster transects, Sherman and 
Tomahawk traps were used for collecting small mammals, 
as described previously (12). Animals were bled by cardiac 
puncture and identified by using taxonomic keys (13,14). 

Mosquito Collections 

Mosquitoes were collected with CDC light traps (15) 
baited with dry ice and suspended -1.5 m above the 
ground. Mosquitoes were identified by using taxonomic 
keys (16-19) and reference collections (20). 

Virus Isolations and Identification 

Sera and tissues from equines, sentinel hamsters, and 
wild rodents were injected into 1- to 3 -day-old mice or 
African green monkey kidney (Vero) cells for virus isola- 
tion. Viruses indicated by mouse deaths or cytopathic 
effects in cell culture were identified by hemagglutination 
inhibition (HI) tests. Subtypes of the VEEV isolates were 
determined by immunofluorescence by using monoclonal 
antibodies (MAbs), as described previously (21), and by 
amplifying by reverse transcriptase-polymerase chain 
reactions (RT-PCR) a portion of the PE2 envelope 
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glycoprotein precursor gene, followed by sequencing and 
phylogenetic analyses, as described previously (22). 

Genetic Analyses of Virus Isolates 

The complete genomes or partial PE2 envelope glyco- 
protein precursor sequences of VEEV strains were ampli- 
fied by RT-PCR using Superscript reverse transcriptase 
(BRL, Bethesda, MD, USA) and Pfu polymerase 
(Stratagene, La Jolla, CA, USA), as described previously 
(23). After electrophoresis, amplicons were extracted from 
1 % agarose gels and sequenced directly by using previous- 
ly described primers (23) and the Applied Biosystems 
(Eoster City, CA, USA) Prism automated DNA sequencing 
kit to produce consensus sequences. Genomic sequences, 
excluding the 5' terminal 20 nucleotides (nt) derived from 
the primer, or PE2 sequences, were submitted to the 
GenBank library under accession numbers AY973944 and 
AY986475. Sequences were aligned with homologous 
VEEV sequences in the GenBank library and analyzed by 
using neighbor-joining and maximum parsimony methods 
implemented in the PAUP 4.0 software package (24) and 
Bayesian methods with MrBayes 3 (25). 

Antibody Detection and Characterization 

Serum samples were screened for VEEV antibodies by 
using HI with antigens prepared from the TC-83 attenuat- 
ed virus vaccine strain and the South American eastern 
equine encephalitis virus strain C-49 (26). Antibodies from 
serum samples with titers >1:20 were confirmed by using 
80% plaque reduction neutralization tests (PRNTs). To 
determine the VEEV subtypes that produced reactive sera, 
a blocking enzyme-linked innnunosorbent assay (ELISA) 
with purified VEEV antigens and enzootic- or epidemic- 
specific MAbs (21) was used, as described previously (27). 
Negative control serum specimens were obtained from 
animals in non-disease-endemic locations with no history 
of VEE. 

Results 

Description of Outbreaks 

In Eebruary 2000, the Venezuelan Animal Health 
Service received a report of an equine encephalitis out- 
break, consistent with VEE, on the Bella Vista farm in the 
Curito Abajo area of Zamora County, Barinas State. 
Simultaneously, another outbreak occurred on the Los 
Cerros farm in Obispos County (Eigure 1). Live serum 
specimens were collected from stablemates of affected 
horses on the Bella Vista farm; 2 yielded VEEV isolates. 
One brain sample collected at necropsy during April 2000 
on the Los Cerros farm yielded VEEV. Suspected VEE 
was reported in Obispos, Zamora, Pedraza, and Miranda 
municipalities before these VEEV isolates were confirmed 


at the Institute Nacional de Investigaciones Agropecuarias 
in April 2000. In addition, retrospective examination of 
epidemiologic records showed suspected VEE cases in 
Zamora County (Curito Abajo) since December 1999. 

After the Eebruary 2000 outbreaks, 8 additional foci 
with 35 fatal equine cases were reported: 3 outbreaks in 
Zamora (15 deaths), 2 in Obispos (13 deaths), 2 in Pedraza 
(7 deaths), and 1 (no deaths) in Sucre County. Regional 
equine vaccination coverage with the strain TC-83 attenu- 
ated virus vaccine was 24% before the outbreaks, and 
additional vaccination initiated around all apparent foci in 
early 2000 increased coverage to 51%. 

A geographically distant equine case consistent with 
VEE occurred in April 2000 in Carabobo State (Eigure 1). 
The affected horse had been moved from south Guarico 
State (borders Obispos County of Barinas State) 10 days 
before onset of disease. Virus was isolated from its brain 
after euthanization and from the serum of a recently vacci- 
nated stablemate. Another equine death had occurred on 
the same farm, but the horse had been incinerated before 
the cause of death could be confirmed. 

Another outbreak consistent with VEE was reported in 
October 2003 in northeastern Barinas State around the 
town of Arismendi and along the nearby Guanare River 
basin (Eigure 1). Because the affected farms were difficult 
to access and farmers did not initially report the cases to 
avoid equine quarantines, samples from affected horses 
were not obtained. 

Equine Serology 

A total of 619 equine serum specimens from 8 different 
municipalities in Barinas State were tested for VEEV and 
eastern equine encephalitis virus (EEEV) antibodies by 
using HI (Table 1). Zamora and Pedraza municipalities 
showed the highest rates of VEEV seropositivity (44% and 
48%, respectively); although vaccination was ongoing at 
the time of sampling, and some seropositivity undoubted- 
ly resulted from vaccination, vaccine coverage of only 
~24% suggested that some horses were naturally infected. 
The blocking ELISA (27) cannot distinguish between 
strain TC-83 and subtype IC VEEV infections, so the 


Table 1 . Results of hemagglutination inhibition assays to detect 
Venezuelan equine encephalitis virus antibodies in horses 

Municipality 

No. serum 
samples tested 

No. positive (%) 

Obispos 

199 

46 (23) 

Zamora 

128 

61 (48) 

Bolivar 

18 

0 

Pedraza 

23 

10(44) 

Barinas 

172 

37 (22) 

Arismendi 

9 

0 

Sucre 

65 

1 (2) 

A. Arvelo Torrealba 

5 

1 (20) 

Total 

619 

174 (28) 
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VEEV strain origins of equine antibodies could not be 
determined. 

Surveillance 

To investigate circulation of VEEV, small mammals, 
known to be reservoir hosts of VEEV, and mosquitoes 
were trapped at 4 sites near the equine cases. Bo vines <2 
years of age that lived on the same farm for their entire life 
were bled as sentinels to detect recent VEEV circulation. 
The region of the first outbreak in 2000 included a part of 
Zamora and Obispos Counties, formerly included in the 
Ticoporo Eorest Reserve (previously a rainforest, 8°12'N/ 
70°56'W) between the Quiu and Michay Rivers, on the 
border between the western Llanos (plains and savannas) 
and the southern Andes Mountains. This area has been 
deforested for timber, cattle ranching, and crop farming, 
leaving only forest fragments and gallery forests with 
slopes of <1% grade and an altitude of ~200 m. The forest- 
ed area decreased from 186,000 hectares (ha) in 1955 to 
5,000 ha in 2002 (http://www.tierramerica.net/2002/ 
1 1 24/ecobreves . shtml) . 

The Barinas State rainy season is from April to 
December, and the dry season is from January to March, 
with mean temperatures of 22°C to 30°C. Annual precipi- 
tation averages 1,729-1,995 mm. The flora are typical of 
the Llanos and lowland Andean Mountains, including 
Ceiba pentadra, Bombacopsis quinata, Spondia mombin, 
Chrysophyllum sericeum, Pouteria anibaefolia, Guazuma 


tomentosa, Attalea maracaibensis, and Roystonea 
Venezuela. During the end of the rainy season, rivers flood 
adjacent lowland forests and generate habitat for water let- 
tuce (Pistia stratiotes), a floating plant used as a breeding 
site by some Culex (Melanoconion) mosquito species. 

The region of the second VEE outbreak in 2000 
(Arismendi County) also comprises lowland savannas in 
the Guanare River basin and includes extensive cattle pro- 
duction and fragmented forests resulting from deforesta- 
tion. This part of Barinas State borders Guarico, Cojedes, 
and Portuguesa States to the north and northwest, and 
Apure State to the south (Eigure 1). The flora is character- 
istic of lowland Llanos (95-m altitude) and flooded savan- 
nas: Copernicia tectorum (Llanos palms), Hymenachne 
amplexicaulis, Leersia hexandra, and Luziola spruceana. 
The climate is similar to that described above. 

Mammal Collections 

A total of 130 small mammals were collected during 
6,600 trap-nights, for a success rate of 1.9%. The captures 
and serologic data are shown in Table 2. The spiny rat 
(Proechimys guairae) and the cotton rat {Sigmodon 
hispidus), both belonging to known enzootic VEEV reser- 
voir genera (12,28,29), as well as the cane mouse 
(Zygodontomys brevicauda), were abundant at most sites. 
No virus was isolated from wild mammals; HI antibodies 
to VEEV were detected in 4 (6.8%) of 58 P guairae, 1 
(25%) of 4 Didelphis marsupialis, and 1 (6.6%) of 15 5*. 


Table 2. Serologic results from equines, bovines, and wild mammals in regions of the 2000 and 2003 VEEV outbreaks* 

Fraction of Hl- 


Location 

Dates of 
collection 

Species or common name 

No. collected 

Fraction HI 
seropositive 

positive samples 
positive by PRNT 

PRNT titers 

Obispos 

May 2002 

Proechimys guairae 

10 

0/10 

NT 

NT 



Zygodontomys brevicauda 

47 

0/47 

NT 

NT 

Zamora 

May 2003 

Akodon urichi 

2 

0/2 

NT 

NT 



Oryzomys taiamancae 

1 

0/1 

NT 

NT 



Sigmodon hispid us 

13 

0/13 

NT 

NT 



Zygodontomys brevicauda 

1 

0/1 

NT 

NT 



Dideiphis marsupiaiis 

2 

0/2 

NT 

NT 



Proechimys guairae 

18 

0/18 

NT 

NT 



Rattus rattus 

2 

0/2 

NT 

NT 



Bovines 

4 

0/4 

NT 

NT 


June 2003 

Proechimys guairae 

6 

1/6 

0/1 

<20 


Sep 2003 

Dideiphis marsupiaiis 

1 

1/1 

0/1 

<20 



Proechimys guairae 

11 

4/11 

0/4 

<20 



Sigmodon hispid us 

1 

1/1 

0/1 

<20 



Bovines 

20 

0/20 

NT 

NT 


Nov 2003 

Proechimys guairae 

10 

0/10 

NT 

NT 



Sigmodon hispid us 

1 

1/1 

NT 

NT 

Arismendi 

Oct-Nov 2003 

Bovines 

48 

12/48 

8/12 

40-640 

Antonio Jose 

June 2003 

Proechimys guairae 

3 

0/3 

NT 

NT 

de Sucre/ 


Dideiphis marsupiaiis 

1 

0/1 

NT 

NT 

Zamora 







Totals 


Wild mammals 

130 

7/1 30 (5%) 

0/7 

<20 



Bovines 

72 

12/72 (17%) 

8/12 

40-640 


*VEEV, Venezuelan equine encephalitis virus; HI, hemagglutination inhibition; PRNT, plaque reduction neutralization test; NT, not tested. 
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hispidus. However, HI titers were low (<1:20), and none 
was confirmed by PRNT (<20). No EEEV-reactive anti- 
bodies were detected. These results suggest either very low 
VEEV antibody titers in some rodents or nonspecific HI 
reactivity. 

Bovine Serology 

Bo vines are effective VEE sentinels because they are 
naturally infected and seroconvert but no disease develops 
and they are not vaccinated (30). We bled cattle <2 years 
of age that had resided on the same farm for their entire 
life. The Zamora site showed no evidence of bovine 
seropositivity, with 0 of 4 positive for VEEV antibodies in 
May and 0 of 20 in September 2003 (Table 2). However, 
the Arismendi site had a 25% bovine VEEV seropositivity 
rate (12/48) from October to November 2003, and all pos- 
itive serum samples were negative for EEEV To determine 
whether the seropositive cattle were infected by enzootic 
or epidemic (subtype IC) VEEV strains, we used a block- 
ing ELISA that distinguishes antibodies based on their 
ability to block the reaction of subtype- specific monoclon- 
al antibodies (27). Live of the 8 PRNT-positive bovine 
serum specimens had consistently higher blocking activity 
against the enzootic virus -specific MAb, indicating expo- 
sure to enzootic VEE-complex alphaviruses (Table 3). 
However, 2 samples (166, 167) had similar blocking activ- 
ities against both enzootic and epidemic virus-specific 
MAbs, which suggests either infection with both enzootic 
and epidemic VEEV phenotypes or nonspecific reactivity 
against 1 subtype. 

Mosquito Collections 

Three C02-baited CDC light traps were stationed for 2 
consecutive days on each farm to assess possible VEEV 


vectors as follows: May, June, and September-October, 
2003 (Zamora County); October-November 2003 
(Arismendi); and December 2003 (Obispos). These 
months correspond to the dry season and the rainy season. 
Maximum catches were obtained in December 2002 and 
November 2003, at the end of the rainy season. A total of 
21 mosquito species and 5 unidentified taxa (to species 
level) were collected (Table 4). The most abundant species 
captured were Cx. (Melanoconion) dunni, Mansonia titil- 
lans, Cx. {Mel.) spissipes, Coquillettidia aribalzagae, Ae. 
scapularis, Cx. {Mel.) aikeni sensu lato {ocossa and 
panocossa), and Psorophora albipes. Also, a large number 
of unknown Cx. {Mel.) spp. belonging to the 
Melanoconion Section were captured. No viruses were iso- 
lated from mosquitoes; however, 2 of the most abundant 
species, Cx. ocossa and Cx. panocossa, have been incrim- 
inated as enzootic VEEV vectors and Ma. titillans and Ae. 
scapularis were implicated as potential bridge vectors that 
may export VEEV from sylvatic, enzootic foci in 
Venezuela (31). However, typical epidemic vectors such as 
Ae. taeniorhynchus and Ps. confinnis were not present. 

Isolation and Genetic Analyses 
of VEEV Strains from Equines 

Two equine brain specimens and 3 serum samples from 
stablemates yielded mouse deaths with CPE-inducing 
activity in brains. Antigenic analyses that used MAbs indi- 
cated that all isolates belonged to subtypes lAB/C. Eour 
sequences of RT-PCR amplicons covering the PE2 gene 
were identical to the subtype IC strains 6119 and 3908 
from the 1995 epidemic, and also to the subtype IC strains 
P676 and V 198 from the 1962-64 epidemic (Table 5) (23). 
The exception was strain 254818, isolated from a stable- 
mate of a deceased horse in Carabobo State after strain TC- 


Table 3. Results of the blocking ELISA to determine VEEV subtypes producing seroconversion in HI- and PRNT-positive bovines from 
Arismendi municipality, Barinas State, Venezuela* 

% inhibition of epizootic-specific MAb 1 A3A-5 % inhibition of enzootic-specific MAb 1 A1 B-9 

binding at indicated serum dilution binding at indicated serum dilution 


Sample no.f 

1:4 

1:12 

1:36 

1:4 

1:12 

1:36 

156 

3.0 

8.5 

-5.0 

52.4 

17.8 

-34.3 

158 

12.4 

13.9 

-3.6 

27.0 

-20.4 

-37.0 

166 

35.6 

12.5 

6.2 

30.7 

42.7 

-21.0 

167 

59.6 

42.0 

3.7 

65.7 

17.1 

-9.9 

172 

-11.7 

-15.4 

-13.8 

37.5 

32.1 

-19.0 

175 

8.2 

5.0 

2.1 

48.5 

21.5 

-20.0 

178 

23.1 

15.1 

2.2 

69.7 

44.9 

-5.9 

204 

-1.1 

-10.8 

-22.4 

75.8 

56.4 

29.7 

Negative control! 

4.1 

6.6 

5.4 

15.2 

23.1 

-5.7 

Negative control! 

9.4 

14.1 

12.0 

8.0 

14.5 

15.6 

Negative control! 

5.8 

11.4 

11.3 

17.5 

23.2 

11.0 

Positive control! 

18.8 

9.5 

-8.0 

65.3 

51.0 

29.0 

Positive control! 

16.4 

1.4 

1.7 

50.1 

16.7 

18.9 


*ELISA, enzyme-linked immunosorbent assay; VEEV, Venezuelan equine encephalitis virus; HI, hemagglutination-inhibition; PRNT, plaque reduction 
neutralization test; MAb, monoclonal antibody. 

fNegative controls are bovine sera from locations with no history of VEE; positive controls are human sera from virus isolation-confirmed, subtype ID 
VEEV infections (note that the assay is species-independent). 
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Table 4. Mosquitoes collected in the regions affected by the 2000 and 2003 Venezuelan equine encephalitis outbreaks 




Study site 



Species 

Zamora 

Obispos 

Arismendi 

Total 

Culex (Melanoconion) dunni 

133 

924 

25 

1,082 

Cx. (Mel.) spissipes 

26 

15 


41 

Cx. (Mel.) pedroi* 

1 



1 

Cx. (Mel.) theobaldi 

1 



1 

Cx. (Mel.) ocossa* 


13 

6 

19 

Cx. (Mel.) panocossa* 


5 


5 

Cx. (Mel.) sp. Mel Section 

24 

120 


144 

Cx. (Cux.) spp. 

800 

132 

45 

977 

Psorophora albipes 

39 

18 


57 

Ps. ferox 

2 

5 


7 

Ps. lineata 

1 



1 

Ps. cingulata 

7 

3 


10 

Aedes fulvus-\ 

2 



2 

Ae. scapularis-f 

6 

44 

9 

59 

Uranotaenia calosomata 

17 

5 


22 

Tricho prose pen digitatum 

12 

1 


13 

Tricho prose pen sp. 


1 


1 

Wyeomyia (Phoniomyia) sp. 

2 



2 

Uranotaenia geometrica 

2 



2 

Coquillettidia arribalzagae 

6 


70 

76 

C. nigricans 



5 

5 

C. Juxtamansonia 


7 


7 

Mansonia titiiians 


10 

169 

179 

Limatus asuiieptus 


4 


4 

Aedomyia squamipennis 



3 

3 

Anopheies sp. 



2 

2 

*Proven enzootic vectors of Venezuelan equine encephalitis virus. 
fSuspected bridge vectors. 


83 vaccination was initiated; this strain had a PE2 
sequence identical to that of strain TC-83 (32), with the 
exception of a single nucleotide difference at genome posi- 
tion 8845 that encoded a Lys to Met change at E2 amino 
acid position 115. 

To increase phylogenetic resolution, the complete 
genomes (excluding the 5' terminal 20 nt that incorporated 
PCR primers into amplicons) of representative strains 
from Carabobo (255010) and Barinas States (254934) 
were sequenced. The most closely related sequence to both 
isolates was strain 6119, isolated in May, soon after the 
beginning of the 1995 VEE epidemic in Ealcon State. This 
strain differed from strains 255010 and 254934 by only 1 
and 4 nt, respectively. Slightly more distantly related was 
strain 3908 from Zulia State in September 1995, followed 
by strains from the 1962-64 Venezuelan/Colombian epi- 
demic. Only 1-nt difference among the year 2000 and 1995 
VEEV isolates encoded an amino acid difference; strain 
254934 had Lys at E2 position 199, whereas all other 
strains had Glu (Table 5). 

Phylogenetic analyses that used all methods indicated 
that strain 6119 had a sequence identical to the predicted 
ancestor of strains 255010 and 254934, and branch lengths 
indicated interepidemic evolutionary rates of 1. 7-7.0 x 
10“5 substitutions/nucleotide/year. In contrast, during the 


1995 outbreak, relative branch lengths of strains 6119 and 
3908 indicated a faster evolutionary rate of 2.0 x 10-^ sub- 
stitutions/nucleotide/year. Relative rate analyses of the 
1962-64 epidemic clade resulted in similar estimates of 
intraepidemic evolution from 2. 2-4.4 x 10-^ substitu- 
tions/nucleotide/year, similar to estimates of -3x10-^ sub- 
stitutions/nucleotide/year for enzootic VEEV in Venezuela 
(23). These data indicate that the subtype IC VEEV strains 
persisted in Venezuela from 1995 to 2000 in a genetically 
stable manner, with ca. 10-fold slower rates of nucleotide 
substitution than are estimated to occur during epidemic or 
enzootic circulation. 

Discussion 

Of 5 major hypotheses proposed to explain the 
source(s) of strains of subtypes lAB and IC responsible for 
all major VEE outbreaks (7), 2 are supported by previous 
studies: 1) several of the later VEE outbreaks caused by 
subtype lAB strains were probably initiated by the use of 
incompletely inactivated vaccines produced from early, 
wild-type, equine- virulent isolates (8,33); and 2) all sub- 
type lAB and IC strains evolved independently from an 
enzootic lineage of subtype ID VEEV that circulates in 
western Venezuela, Colombia, and northern Peru (2,22). 
Johnson and Martin (7) also hypothesized that epidemic 
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Table 5. Sequence comparisons between the year 2000 VEEV virus equine isolates and those from the 1 995 epidemic 

* 

Virus 

strain! 

State of 
isolation 

Horse 

sample 

Date of 
collection 

Passage 

history 

Comparisons to 1 995 strain 61 1 9 

Comparisons to 1 995 strain 3908 

nt differences! 

aa differences§ 

nt differencesTI 

aa differences# 

254934 

Barinas 

Brain 

Apr 10, 2000 

sm-1 

C1248T 

- 

A1443G 

- 






G6325A 

nsP4/V208l 

T4975C 







G91 65A 

E2/E199K 

C5292T 

- 






T10913C 

- 

T5475C 

- 






C11237T 

- 

G6325A 

nsP4/V208l 








A6498T 

- 








G91 59A 

E2/E199K 








C11237T 

- 

255010 

Barinas 

Serum 

Feb 20, 2000 

sm-2 

C1248T 

- 

A1443G 

- 






T10913C 

- 

T4975C 

- 






C11237T 

- 

C5292T 

- 








T5475C 

- 








A6498T 

- 








G91 59A 

E2/E199K 








C11237T 

- 

255005* 

Barinas 

Serum 

Feb 20, 2000 

sm-3 

0 

- 

0 

- 

255057* 

Carabobo 

Brain 

April, 2000 

sm-1 , V-1 

0 

- 

0 

- 


*VEEV, Venezuelan equine encephalitis virus; nt, nucleotide; aa, amino acid. 

fOnly partial PE2 envelope glycoprotein precursor gene sequences determined (817 nucleotides). 

JStrain 6119 residue is indicated first, followed by genome position and year 2000 strain residue. 

§Strain 6119 residue is indicated first, followed by protein and amino acid position and year 2000 strain residue. 

IjStrain 3908 residue is indicated first, followed by genome position and year 2000 strain residue. 

#Strain 3908 residue is indicated first, followed by protein and amino acid position and year 2000 strain residue. 


strains might persist between outbreaks in cryptic trans- 
mission cycles that have been overlooked, despite postepi- 
demic surveillance in the affected areas of Colombia 
(11,12) and Venezuela (12,34,35). 

We report the first direct evidence that supports 
postepidemic circulation of epidemic VEEV. During 2000 
in western Venezuela, 5 years after the apparent end of the 
1995 epidemic, 4 isolates of VEEV nearly identical to 
1995 strains were associated with equine encephalitis in 
Barinas and Carabobo States. Viral sequences had under- 
gone virtually no evolutionary change during the interepi- 
demic period, in contrast to epidemic and enzootic virus 
circulation, in which a relatively steady rate of nucleotide 
substitutions, on the order of 2-4 x 10-^ substitutions/ 
nucleotide/year, occurs (23,36). Erom 1995 to 2000, the 
subtype IC strain underwent an ~ 10-times slower evolu- 
tion, which suggests less replication than normally occurs 
in rodent reservoir or equine amplification hosts and mos- 
quitoes during horizontal transmission. 

Our seroprevalence data from bovines also suggest that 
enzootic VEEV strains may have been circulating in the 
affected regions. Although we did not identify bovine 
serum that exhibited blocking activity solely against the 
epidemic virus-specific MAb, some samples reacted in 
both epidemic- and enzootic virus- specific ways. Larger 
samples of bovine and rodent serum are needed to more 
conclusively assess the subtype(s) of VEEV strains circu- 
lating in the region. 

Although we could not identify the critical reservoir 
hosts and vectors that allow VEEV to persist in Barinas 


State, the occurrence of equine cases at the end of the rainy 
season and beginning of the dry season suggests funda- 
mental differences from normal epidemic or enzootic cir- 
culation. Epidemic VEE generally occurs during the peak 
of the rainy season, when floodwater mosquitoes are abun- 
dant. Although mosquito surveillance was not conducted 
during the Barinas or Carabobo outbreaks, collections dur- 
ing the same season in 2001 indicated relatively small pop- 
ulations on the affected farms. Although our more recent 
mosquito collections included known enzootic VEEV vec- 
tors (Table 4), these mosquitoes are not known to transmit 
epidemic virus strains, and we did not detect VEEV anti- 
bodies in the rodents with which they are typically associ- 
ated in syl vatic, enzootic foci. Typical epidemic vectors 
were not abundant in the affected regions. These results 
suggest the possibility that more xerophilic vectors other 
than mosquitoes might have been responsible for subtype 
IC VEEV maintenance and transmission to horses. 

Ticks are susceptible to experimental infection by 
VEEV, although rates of oral and transtadial transmission 
tend to be low (37-39), and persistence for up to 171 days 
has been demonstrated. The effect of persistent tick infec- 
tion on alphavirus genome stability has not been evaluat- 
ed, but alphavirus infection of mosquitoes involves early 
replication for ~1 week, followed by declining replication 
due to poorly understood modulating factors that probably 
include RNA interference (40). If similar mechanisms 
occur in infected ticks, long-term persistence could result 
in the levels of genetic stasis we observed in subtype IC 
VEEV from 1995 to 2000. To evaluate this hypothesis. 
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more extensive surveillance designed to identify the vec- 
tor(s) and reservoir host(s) in Barinas State is ongoing. 

Our results also call into question previous estimates of 
alphavirus evolutionary rates that suggested a laboratory 
source for the 1995 Venezuelan epidemic. The inconsisten- 
cy between the genetic stasis observed in subtype IC 
strains isolated from 1962-1964 versus 1995, and rates of 
nucleotide substitution observed during enzootic or epi- 
demic VEEV circulation, suggested a laboratory source for 
the 1995 outbreak (23). The common use in Venezuela of 
antigens prepared from a 1963 strain (P676), from which 
active virus was isolated, and its similarity to the predicted 
progenitor of the 1995 outbreak also supported this 
hypothesis of a laboratory origin. We consider it highly 
unlikely that the year 2000 Carabobo and Barinas out- 
breaks resulted from laboratory strains because of the fol- 
lowing factors: 1) in Venezuela, wildtype epidemic VEEV 
strains have largely been replaced for antigen preparation 
by the strain TC-83 vaccine virus to minimize the possibil- 
ity of a laboratory-initiated outbreak; 2) the 2000 isolates 
do not group phylogenetically with strain P676 as the 1995 
strains do (Eigure 2); and 3) unlike Ealcon state, where the 
1995 outbreak began, the locations of the 2000 outbreaks 
are far from the diagnostic and vaccine production labora- 
tories that work with VEEV. Also, the Institute Nacional 
de Investigaciones Agropecuarias, where the year 2000 
VEEV strains were isolated, had not worked with subtype 
IC VEEV for many months. Eurthermore, the isolation of 



Figure 2. Phylogenetic tree generated from maximum parsimony 
analysis of genomic sequences of Venezuelan equine encephali- 
tis virus (VEEV) strains 255010 and 254934 and homologous 
GenBank sequences from the 1962-64 and 1995 VEEV out- 
breaks, as well as other representative VEE complex alphavirus 
strains. Numbers indicate bootstrap values for groupings to the 
right. Enlargement on the lower left shows the 1962-64 and 1995- 
2000 clades, with numbers indicating nucleotide substitutions 
accompanying VEEV evolution. 


the strain TC-83 virus from a stablemate of the 
encephalitic horse at the Carabobo site during vaccination 
efforts argues against any laboratory contamination with a 
subtype IC strain. This evidence strongly suggests that the 
2000 outbreaks involved naturally circulating VEEV 
strains that were maintained in a genetically stable state 
since 1995. Thus, based on genetic stasis and other factors, 
the previous conclusion that the 1995 outbreak may have 
had a laboratory origin, should be reevaluated. Since epi- 
demic strains of VEEV can be maintained for at least 5 
(1995-2000 or 2003) and possibly even 31 (1964-1995) 
years between epidemics, equine vaccination efforts and 
surveillance should be implemented continuously in 
Venezuela and Colombia. 
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Intergenogroup Recombination 
in Sapoviruses 
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Sapovirus, a member of the family Caliciviridae, is an 
etiologic agent of gastroenteritis in humans and pigs. 
Analyses of the complete genome sequences led us to 
identify the first sapovirus intergenogroup recombinant 
strain. Phylogenetic analysis of the nonstructural region 
(i.e., genome start to capsid start) grouped this strain into 
genogroup II, whereas the structural region (i.e., capsid 
start to genome end) grouped this strain into genogroup IV. 
We found that a recombination event occurred at the poly- 
merase and capsid junction. This is the first report of 
intergenogroup recombination for any calicivirus and high- 
lights a possible route of zoonoses because sapovirus 
strains that infect pig species belong to genogroup III. 

T he family Caliciviridae contains 4 genera, Sapovirus, 
Norovirus, Lagovirus, and Vesivirus. The sapovirus 
(SaV) and norovirus (NoV) strains are etiologic agents of 
gastroenteritis in humans, although animals such as pigs, 
cows, and mice can also be infected. SaV strains were 
originally detected by using electron microscopy, but 
today the most widely used method is reverse transcrip- 
tion-polymerase chain reaction (RT-PCR), which has a 
high sensitivity (1). Based on the capsid gene sequence, 
SaV can be grouped into 5 distinct genogroups (GI to GV) 
(2). Human SaV belong to GI, GII, GIV, and GV, whereas 
pig SaV belongs to GUI. The SaV GI, GIV, and GV 
genomes are believed to each contain 3 main open read- 
ing frames (ORFs), whereas the SaV GII and GUI 
genomes each have only 2 main ORFs (2). ORFl encodes 
nonstructural proteins and the capsid protein, while ORF2 
and ORFS encode proteins of yet-unknown functions. 
Using complete genome sequence analysis, we recently 
identified the first recombinant (intragenogroup) SaV 


*National Institute of Infectious Diseases, Tokyo, Japan; fNational 
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strains (3). Two SaV strains, MclO and C12, both belong- 
ing to GII, were identified as recombinants. Phylogenetic 
analysis of the nonstructural region (i.e., genome start to 
capsid start) grouped MclO and C12 together in 1 GII clus- 
ter (or genotype), while the structural region (i.e., capsid 
start to genome end) grouped MclO and C12 into distinct 
GII genotypes. Evidence suggested that the recombination 
site occurred at the polymerase and capsid junction on 
ORFl. This site is highly conserved among SaV strains, 
which suggests that the recombination event occurs when 
nucleic acids of parental strains come into physical contact 
in infected cells, e.g., during copy choice recombination 
(4), as we have recently described with recombinant NoV 
strains (5). 

Materials and Methods 

We compared the complete genome sequences of 11 
SaV strains to analyze suspected novel recombinant SaV 
strains. For this study, we sequenced the complete 
genomes of 4 SaV strains (Mc2, SK15, EhimellOV, and 
SW278). The Mc2 strain was isolated from a child with 
gastroenteritis in Chiang Mai, Thailand, in 2000 (6); SK15 
was isolated from an adult with gastroenteritis in Sakai, 
Japan, in 2001 (unpub. data); EhimellOV was isolated 
from an adult with gastroenteritis in Matsuyama, Japan, in 
2002 (unpub. data); and SW278 was isolated from an adult 
with gastroenteritis in Solna, Sweden, in 2003 (7). The 
complete genome sequences were amplified and 
sequenced as described earlier (3). Phylogenetic analysis 
was performed by using the Genetyx program (Genetyx 
for the Macintosh version 13.0.5, Genetyx Corp., Tokyo, 
Japan) and ClustalX (Version 1.82; available from 
http://www.embl.de/'-chenna/clustal/darwin/). Trees were 
drawn by using njplot (for the Macintosh; available from 
http://pbil.univ-lyonl.fr/software/njplot.html). 
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Results 

Based on the classification scheme of either the partial 
or complete capsid sequences in our previous studies, we 
grouped Manchester into GI; Bristol, Mc2, MclO, C12, 
and SK15 into GII; PEC into GUI; and NK24 into GV 
(6,8,9). For this study and on the basis of the structural 
region (i.e., capsid start to genome end), we grouped 
Manchester into GI; Mc2, Bristol, MclO, C12; and SKI 5 
into GII; PEC into GUI; SW278 and EhimellOT into GIV, 
and NK24 into GV (Figure 1). These genogroups were not 
maintained when we analyzed the nonstructural region 
(i.e., genome start to capsid start). We found that SW278 
and Ehimell07 clustered into GII for the nonstructural 
region-based grouping but clustered into GIV for the 
structural region-based grouping. All genogroups were 
supported by bootstrap values (10), except for the structur- 
al region-based grouping of GI, which had a slightly lower 
value of 897. Nevertheless, these results indicate that the 
nonstructural region of SW278 and Ehimell07, i.e., a GII 
sequence, did not belong to a distinct genogroup, unlike 
their structural region, which belonged to a distinct 
genogroup (proposed as GIV). Comparisons of the com- 
plete genome sequences showed that SW278 and 
Ehimell07 shared >97% nucleotide identity and likely 
represented the same strain, although it was isolated from 
different countries; however, the lengths were different. 
Either SW278 or Ehimell07 had a 10-nucleotide insertion 
or deletion in the nontranslated region at the 3' terminus. A 
number of closely matching partial sequences to SW278 
and Ehimell07, which included both the polymerase and 
capsid gene, were available on the database, which indi- 
cates the circulation of similar strains in other countries. 

We next used SimPlot (available from http://sray. 
med.som.jhmi.edu/SCRoftware/simplot/) with a window 
size of 100 and an increment of 20 bp (11) to further ana- 
lyze these novel recombinant SW278 and Ehimell07 
strains. We analyzed 7 complete genome SaV sequences. 
The MclO genome sequence was compared to Cl 2, 
Bristol, Mc2, SK15, SW278, and Ehimell07. We 
observed a sudden drop in nucleotide similarity after the 
polymerase region for SW278 and Ehimell07 (Figure 
2A). Nucleotide sequence analysis of the nonstructural 
region showed that SW278 and Ehimell07 shared 
between 74.0% to 77.6% nucleotide identity to the Mc2, 
Cl 2, MclO, and SKI 5 sequences, whereas analysis of the 
structural region showed that SW278 and Ehimell07 had 
only 54.0%-55.2% nucleotide identity to the Mc2, Cl 2, 
MclO, and SKI 5 sequences (Table); i.e., the nonstructur- 
al and structural regions of SW278 and Ehimell07 were 
»20% different. A similar result was observed with the 
nonstructural and structural regions of the already-estab- 
lished recombinant MclO and C12 strains, which had an 
18.6% difference (3). When we analyzed the nonstructural 
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Figure 1. Phylogenetic analysis of (A) the nonstructural region 
(i.e., genome start to capsid start) and (B) the structural region 
(i.e., capsid start to genome end), showing the different 
genogroups. The numbers on each branch indicate the bootstrap 
values for the genotype. Bootstrap values >950 were considered 
significant for the grouping (10). The scale represents nucleotide 
substitutions per site. GenBank accession numbers are as follows: 
MclO, AY237420; Manchester, X86560; Dresden, AY694184; 
SW278, DQ1 25333; Ehime1107, DQ058829; NK24, AY646856; 
Cl 2, AY603425; Bristol, AJ249939; Mc2, AY237419; PEC, 
AF1 82760; and SKI 5, AY646855. 


and structural regions of Mc2 and SKI 5, we found only a 
1.5% difference. Likewise, all other SaV strains generally 
maintained their nucleotide identities over the complete 
genome (Table). This result can be best explained as a 
recombination event at the polymerase and capsid junction 
for the SW278 and Ehimell07 strains, i.e., the nonstruc- 
tural region originated from a GII strain, and the structural 
region originated from a strain belonging to another 
genogroup. The SaV GI, GIV, and GV genomes are pre- 
dicted to encode an ORF3, whereas the SaV GII and GUI 
genomes have 2 main ORFs. We found that SW278 and 
Ehimell07 each had an ORF3, which is predicted to 
encode a yet-unknown protein of 161 amino acids. 
Notably, the structural region-based grouping showed that 
GI, GIV, and GV grouped in 1 major branch, while GII and 
GUI represented 2 other branches. These data provide fur- 
ther evidence of the intergenogroup recombination for 
SW278 and Ehimell07 strains. 

The SaV subgenomic RNA has not yet been identified, 
but for other caliciviruses the subgenomic RNA was iden- 
tified (12-14). We recently provided evidence that the SaV 
viral protease was responsible for the cleavage of non- 
structural and capsid proteins on ORFl (15). Therefore, 
SaV replication may occur through at least 2 pathways: 1) 
the capsid protein was transcribed as a polyprotein on 
ORFl and then cleaved, or 2) the capsid protein was tran- 
scribed as subgenomic RNA and then translated. The sus- 
pected recombination occurred at the highly conserved 
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Figure 2. A) SimPlot analysis of 7 sapovirus (SaV) complete 
genome sequences. The Mc10 genome sequence was compared 
to C12, Bristol, Mc2, SK15, SW278, and Ehime1107 by using a 
window size of 100 bp with an increment of 20 bp. All gaps were 
removed. The recombination site is suspected to be located 
between the polymerase and capsid gene, as shown by the 
arrows. B) Genomic organization of the SaV Gil and GIV strains. 


polymerase and capsid junction for human SaV, as shown 
in Figure 3. Recombination is thought to occur when 
nucleic acids of the parental strains come into physical 
contact in infected cells, e.g., during copy choice recombi- 
nation (4). These data suggest that recombinant SaV 
strains were formed either by full-length RNA template 
switching or full-length and subgenomic template switch- 
ing. 

Discussion 

These results are noteworthy because this is the first 
report of intergenogroup recombination for any calici virus. 
These findings provide evidence that zoonoses could occur 
within the Sapovirus genus because strains that infect pig 


species belong to GUI. Furthermore, since the parent non- 
structural region of SW278 and EhimellOT has not yet 
been identified, we could not rule out that the parents of 
SW278 and Ehimell07 came from a strain that infects ani- 
mals. We have conducted a number of molecular epidemi- 
ologic studies using broad-range primers and found that 
GIV strains were infrequently compared to other 
genogroups (6,8,9,16,17). This finding suggests 1) the 
emergence and/or recombination of GIV strains from an 
animal reservoir, 2) a lower prevalence of GIV strains, 
though a number of similar sequences were identified in 
the United States, or 3) our primers were less sensitive in 
detecting variant GIV sequences. Nevertheless, further 
complete genome analysis of other SaV strains is needed 
to identify other recombinant strains and determine the 
extent of recombination in the Sapovirus genus. Although 
we cannot easily pinpoint where and when the recombina- 
tion event took place, screening of animals with primers 
designed against human SaV strains may also help identi- 
ty the potential parental strain(s) of these 2 novel recombi- 
nants. 

Conclusions 

To date, we have identified 4 different recombinant 
SaV strains, MclO, C12, SW278, and Ehimell07. 
Collectively, these strains have 2 kinds of nonstructural 
sequences but 3 kinds of structural sequences (Figure 1). 
In addition, all nonstructural sequences belonged to GIL 
These data suggest that SaV could evade host immunity by 
readily changing their structural region (immunoreactive, 
i.e., capsid protein) and that GII strains 
(nonstructural-based grouping) are more capable of 
recombination than other genogroups. In 1999, Jiang et al. 
(18) identified the first naturally occurring human recom- 
binant NoV, and several other strains were later described 
as recombinants (5,6,19-21). The site of genetic recombi- 
nation for NoV was also between the polymerase and cap- 
sid genes. Human SaV and NoV strains cannot be 
cultivated, but the expression of the recombinant capsid 


Table. Nucleotide identity (%) among sapovirus strains* 


Nonstructural Structural region 


region 

Ehime1107 

SW278 

Mc2 

MclO 

C12 

SKI 5 

Dresden 

Manchester 

NK24 

PEC 

Ehime1107 


96.9 

54.6 

55.1 

54.4 

55.2 

58.3 

58.8 

58.3 

51.0 

SW278 

97.5 


54.6 

55.2 

54.0 

54.7 

58.1 

58.3 

58.3 

50.8 

Mc2 

73.8 

74.0 


72.7 

73.0 

71.8 

54.5 

54.0 

53.7 

51.2 

MclO 

77.5 

77.6 

74.4 


71.5 

71.1 

55.3 

54.6 

55.2 

50.7 

C12 

77.3 

77.3 

74.4 

90.1 


75.0 

55.4 

55.7 

55.5 

51.8 

SKI 5 

77.5 

77.5 

73.3 

81.0 

80.3 


56.2 

56.1 

55.5 

50.4 

Dresden 

62.6 

62.7 

63.3 

63.0 

63.1 

62.4 


92.9 

57.3 

52.5 

Manchester 

63.5 

63.3 

63.2 

63.7 

64.0 

62.8 

90.5 


57.4 

52.1 

NK24 

55.4 

55.6 

55.8 

55.7 

55.0 

55.2 

56.3 

56.8 


53.3 

PEC 

52.5 

52.5 

53.0 

52.3 

52.4 

52.3 

51.7 

51.5 

52.1 



*Values on the lower left represent the nonstructural region, i.e., genome start to capsid start; values on the upper right represent the structural region, 
i.e., capsid start to genome end. 
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Manchester 5115 ACAGTACaCATCCACTC(%C(;ACAa(AAaAACCCACAAAATACT(rmCA(SutGCCCAATCGaCCAACCa C ACCCAAACCAAACCAACAACCCA 5217 

Dresden 5115 C T ■ C G 5217 

M<2 5119 ....CCA.C.C..A..ATA...C..G AC..TAC....T aH nC...CAGCCA.AC--*TCCC .AACC6.C. . .CACCn.TOCA. 5224 
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Figure 3. Nucleotide alignment of 
Manchester, Dresden, Mc2, Bristol, 
Mc10, SK15, C12, SW278, Ehime1107, 
NK24, and PEC sequences, showing the 
conserved polymerase and capsid junc- 
tion. The asterisks represent conserved 
nucleotides. The shaded nucleotides 
represent the putative capsid start 
codons. 


protein (rVPl) in a baculovims expression system results 
in the self-assembly of vimslike particles (VLPs) that are 
morphologically similar to native SaV. In a recent study, 
we genetically and antigenically analyzed 2 recombinant 
NoV strains (strains 026 and 9912-02F) (17). When poly- 
merase-based grouping was performed, these 2 strains 
clustered together, but when capsid-based grouping was 
performed, these 2 strains belonged in 2 distinct geno- 
types. When we compared the cross-reactivity of these 
VLPs with an antibody enzyme-linked immunosorbent 
assay (ELISA), the titers of 026 antiserum against 026 and 
9912-02F VLPs were 1:2,058,000 and 1:512,000, respec- 
tively, a 4-fold difference, whereas the titers of 9912-02F 
antiserum against 9912-02F and 026 VLPs were 
1:1,024,000 and 1:128,000, respectively, an 8-fold differ- 
ence. These results demonstrated that 026 and 9912-02F 
likely represented distinct antigenic types, which correlat- 
ed with the genetic analysis. The expression of SaV VLPs 
is also needed to determine the cross -reactivity among 
these recombinant strains, although our results have shown 
that GI and GV VLPs (capsid-based grouping) were anti- 
genically distinct by an antibody and antigen ELISA (22), 
which suggests that these 2 recombinant strains are also 
antigenically distinct from GII strains. And finally, these 
results will have a major influence on the future phyloge- 
netic classification of SaV strains. Therefore, the genetic 
classification of SaV strains needs to be addressed, and a 
consensus of prototype strains representing genogroups 
and genotypes should be established to avoid further 
grouping conflicts. 
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Rabies Postexposure Prophylaxis, 
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The epidemiology of human rabies postexposure pro- 
phylaxis (PEP) in 4 upstate New York counties was 
described from data obtained from 2,216 incidences of 
PEP recorded by local health departments from 1995 to 
2000. Overall annual incidence for the study period was 27 
cases per 100,000 persons. Mean annual PEP incidence 
rates were highest in rural counties and during the summer 
months. PEP incidence was highest among patients 5-9 
and 30-34 years of age. Bites accounted for most PEP 
(51%) and were primarily associated with cats and dogs. 
Bats accounted for 30% of exposures, more than any other 
group of animals; consequently, bats have replaced rac- 
coons as the leading rabies exposure source to humans in 
this area. 


C ombined with effective human rabies prophylaxis, 
canine rabies control programs were responsible for 
the steady decline of human rabies in the United States, 
from 20-25 annual cases in the 1940s to <3 annual cases 
in the 1990s (1-4). Although the current incidence of 
human rabies in the United States is negligible compared 
to that of other infectious diseases, the number of persons 
seeking rabies postexposure prophylaxis (PEP) is high; 
18,238 persons received PEP in New York (excluding New 
York City) from 1993 to 1998 (5). No proven curative 
treatment has been documented for rabies once clinical 
disease begins (6). Human rabies can be prevented by fol- 
lowing the Advisory Committee on Immunization 
Practices (ACIP) recommendations of local wound care 
and prompt administration of human rabies immune glob- 
ulin (HRIG, 20 lU/kg) on day 0 and vaccine on days 0, 3, 
7, 14, and 28 (7). Eor persons who have been previously 


*Centers for Disease Control and Prevention, Atlanta, Georgia, 
USA; fNew York State Department of Health, Albany, New York, 
USA; and ^University of Rochester School of Medicine & 
Dentistry, Rochester, New York, USA 


vaccinated, the recommended prophylaxis consists of a 
vaccine dose on days 0 and 3. 

Studies addressing rabies PEP incidence indicate a ris- 
ing trend since the 1970s. Estimates of annual PEP inci- 
dence in Georgia increased from 1.94 cases/100,000 in 
1970 to an estimated 6.17 cases/100,000 from 1995 to 
2001 (1, S.J. Onufrak, Source-specific risks among 
patients receiving rabies post-exposure prophylaxis in 
Georgia [master’s thesis]. Atlanta: Emory University; 
2003). At the national level, incidence was most recently 
estimated at 8.69 cases/100,000 in 1980 (8). Increases are 
probably attributable to an expanding raccoon rabies epi- 
zootic in the mid- Atlantic states and changes in PEP con- 
sideration after potential bat exposure (5). We describe 
demographic and animal exposure data associated with 
PEP in upstate New York several years after the establish- 
ment of the raccoon rabies variant and compare them with 
1993-1994 data from the same area (9). 

Methods 

Monroe and Onondaga Counties encompass the cities 
of Rochester and Syracuse and are predominantly urban- 
suburban with population densities of 422 and 232 per- 
sons/km^, respectively. Cayuga and Wayne Counties are 
predominantly rural-suburban, with population densities of 
46 and 60 persons/km^, respectively. The 4-county region 
in western upstate New York is 7,086 km^, with an estimat- 
ed human population of 1,369,407 (10). 

We considered all PEP cases recorded on standardized 
reports by the 4 local health departments from 1995 to 
2000. Data included patient demographics, animal charac- 
teristics, and exposure details. The report form was 
changed in 1998, with the addition of age, sex, treatment 
dates, and more detailed exposure information for bat- 
related PEP. Age and sex data were obtained directly from 
local health departments for PEP cases before 1998. 


Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 11, No. 12, December 2005 


1921 


RESEARCH 


Exposure source was defined as the suspected or con- 
firmed rabid animal that directly or indirectly resulted in 
potential human exposure. Direct exposure consisted of a 
bite, scratch, or contamination of mucous membrane with 
potentially infectious material directly from a suspected 
rabid animal. Indirect exposure consisted of contact with 
potentially contaminated fomites (e.g., saliva from a pet’s 
fur that comes into contact with open wounds or mucous 
membranes). Cases that lacked specific information about 
route of exposure were classified as unspecified. Cryptic 
or unspecified bat exposures consisted of discovering a bat 
in a room with a sleeping person, unattended child, men- 
tally impaired person, intoxicated person, or someone oth- 
erwise unable to rule out contact. Rabies diagnostic results 
were obtained on animal cases from the New York State 
Department of Health Wadsworth Center Rabies 
Laboratory. Population data from the 2000 US census were 
used to calculate the incidence of PEP by county, age, and 
sex (10). Statistical analyses, including frequencies and 
chi-square tests, were performed with the SAS statistical 
package version 8.0 (SAS Institute Inc., Cary, NC, USA). 

Results 

A total of 2,216 PEP cases were reported from the study 
area from 1995 to 2000, with 317-469 cases each year. 
Annual PEP incidence was 23-34 cases/1 00,000 during 
the 6-year period (average 27/100,000). The mean annual 
incidence for the urban counties of Monroe and Onondaga 
(319 residents/km^) was 23 cases/100,000 compared to 56 
cases/100,000 in the rural counties of Cayuga and Wayne 
(52 residents/km^). No failures of PEP were recorded. 

PEP cases tended to increase in the late spring/early 
summer; the highest number of PEP cases was seen in 
August/September in 1996 and 1997 and in July/August 
from 1998 to 2000 (Eigure 1). Of 2,109 (95%) PEP cases 
for which sex data were available, 51% were male. The 
median age of PEP recipients was 27 years for men and 29 
years for women. The mean annual incidence of PEP for 
men was 26 cases/100,000 and for women 24 cases/ 
100,000. PEP incidence rates were highest in persons 5-9 
years of age, followed by those 30-34 years of age (Eigure 
2). No significant differences among sex or age distribu- 
tions and PEP were seen. 

Wild animal exposures accounted for 1,081 PEP cases 
(49%), domestic animals accounted for 1,057 cases (48%), 
and species of exposure animal was not identified for 78 
cases (3%) (Table 1). Bats accounted for 663 (61%) PEP 
cases related to wildlife exposures, while other sources of 
wildlife-related PEP included raccoons (250 cases), foxes 
(85 cases), skunks (46 cases), woodchucks (12 cases), 
opossums (6 cases), deer (5 cases), beavers, coyotes, and 
squirrels (3 cases each), and other wild species (5 cases). 
PEP from bat exposure was significantly associated with 
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Figure 1 . Human rabies postexposure prophylaxis (PEP) by month 
and species of exposure (domestic vs. wild), 4 upstate New York 
counties (Cayuga, Monroe, Onondaga, and Wayne), 1995-2000. 


an urban setting (p<0.001). Among domestic animal expo- 
sures that resulted in PEP, 523 were attributed to cats, 498 
to dogs, 19 to cattle, 11 to horses, 4 to ferrets, and 1 each 
to a pet rabbit and monkey. 

Animals were not available for observation or testing 
for 66% of rabies PEP cases that resulted from exposure to 
cats and 89% that resulted from exposures to dogs. Of the 
dog-associated PEP, significantly (p<0.001) more of them 
(93%) occurred in urban counties compared to rural coun- 
ties (Table 2). During the study period, only 16 (3%) dog- 
associated PEP cases involved dogs that were tested for 
rabies, and none were confirmed rabid. Among cats, 132 
(25%) cat-associated PEP cases involved cats that were 
tested for rabies; of these, 110 PEP cases (83%) involved 
exposure to a confirmed rabid cat. 

A total of 1,128 (51%) PEP cases were attributed to ani- 
mal bite; 670 (30%) persons reported nonbite exposures. 


so 
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Figure 2. Human rabies postexposure prophylaxis (PEP) inci- 
dence by sex and age group, 4 upstate New York counties 
(Cayuga, Monroe, Onondaga, and Wayne), 1995-2000. 
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Table 1 . Human rabies postexposure prophylaxis (PEP) by animal source, 4 counties, New York, 1 995-2000* 

Nonbite, n (%) 


Direct 


Animal source 

Bite, n (%) 

Scratch 

Saliva/NTf 

Indirect^ 

Unspecified§ 

Total, n (%) 

Raccoon 

48(19) 

16(6) 

65 (26) 

120 (48) 

1 (<i) 

250(11) 

Bat (all species) 

115(17) 

29 (4) 

100(15) 

11 (2) 

408 (62) 

663 (30) 

Other wild species^ 

76 (45) 

6(4) 

41 (24) 

44 (26) 

1 (1) 

168 (8) 

All wild species 

239 (22) 

51 (5) 

206(19) 

175(16) 

41 0 (38) 

1,081 (49) 

Cat 

367 (70) 

64(12) 

89(17) 

3(1) 

0 

523 (24) 

Dog 

493 (99) 

0 

3(1) 

0 

2(<1) 

498 (22) 

Other domestic species# 

7(19) 

0 

28 (78) 

0 

1 (3) 

36 (2) 

All domestic species 

867 (82) 

64 (6) 

120(11) 

3(<1) 

3(<1) 

1 ,057 (48) 

Unknown 

22 (28) 

4(5) 

19(24) 

28 (36) 

5(7) 

78 (3) 

Total 

1,128 (51) 

1 1 9 (5) 

345(16) 

206 (9) 

418(19) 

2,216 (100) 


*Data are from Cayuga, Monroe, Onondaga, and Wayne Counties. 

fDirect contamination of an open wound or mucous membrane with potentially infectious material such as saliva or neural tissue (NT). 

JNo known direct contact with a rabid or suspected rabid animal. Indirect exposure consisted of possible contact with saliva on an animal (i.e., pet dog or 
cat) or inanimate object from a suspected rabid animal that resulted in contamination of an open wound or mucous membrane. 

§Unspecified contact indicates no exposure information was listed or exposure was indicated as unknown on data records. Unspecified exposure for bats 
includes being in the physical presence of a bat and not being able to rule out direct contact, particularly a bite. More people received PEP after 
unspecified exposure to bats than any other group of animals (p<0.001). 

Ijincludes beaver, coyote, chipmunk, deer, fox, mouse, opossum, otter, rat, skunk, squirrel, and woodchuck. 

#lncludes cow, ferret, horse, monkey, and rabbit. 


and 418 (19%) reported exposure as unknown or unspeci- 
fied (Table 1). Among nonbite-associated PEP recipients, 
69% reported direct animal contact. Of the 1,106 bite- 
related PEP recipients that reported the species, 78% 
involved domestic animals. In 62% of potential exposures 
to bats, an exposure route was not described. 

Exposure of only 1 person to a suspected rabid animal 
precipitated 1,336 (60%) PEP cases (Table 3). Exposure of 
a single person was more likely to be associated with a bite 
(p<0.001). Wild animal species accounted for 72% of 
group exposure PEP. The largest group occurred in June 
1999, when 29 persons received PEP after exposure to a 
rabid cat. 

Laboratory diagnosis of rabies was sought in 249 ani- 
mals associated with 515 PEP cases (23%). Contact with a 
wild animal accounted for 348 cases (68%) where labora- 
tory diagnosis was sought. Raccoons accounted for 176 
(57%) of 309 PEP cases attributed to confirmed rabid 
wildlife. Nonbite exposures accounted for 366 (73%) of 
501 PEP cases in which a laboratory diagnosis of rabies 
was obtained. Laboratory diagnosis of rabies in the expos- 
ing animal was significantly associated with nonbite expo- 
sure (p<0.001). 

Erom 1998 to 2000, the time of PEP initiation in rela- 
tion to exposure was available for 1,219 (98%) of 1,248 
cases. The period between exposure and treatment varied 
from 0 to 115 days with a median of 3 days. Among per- 
sons with bite exposure, 199 (38%) of 528 began PEP the 
same day as exposure, while 14% of persons who reported 
a nonbite exposure received treatment the same day as 
exposure (p<0.001). Medians of 1 day for wild animal 
exposures and 2 days for domestic animal exposures were 
associated with bite exposures and 3 and 6 days, respec- 
tively, for nonbite exposures. 


Of 1,248 PEP cases reported from 1998 to 2000, 
administration of PEP biologies was recorded as complete 
and appropriate (e.g., HRIG was given if indicated and the 
person completed all 5 vaccinations) in 1,035 (83%) cases. 
A total of 62 persons (5%) had received prior vaccination; 
47 (76%) completed the appropriate course of treatment. 
Among rabies vaccination-naive persons, 984 (85%) of 
1,157 completed the appropriate course of treatment. 


Table 2. Human rabies postexposure prophylaxis (PEP) by 
setting, 4 counties. New York, 1995-2000 * 

Animal source 

Urban, n (%) 

Rural, n (%) 

Dogt 

463 (93) 

35 (7) 

Cat 

386 (74) 

137 (26) 

Other domestic^ 

16(44) 

20 (56) 

All domestic 

865 (82) 

192(18) 

Raccoon 

162 (65) 

88 (35) 

Bat§ 

456 (69) 

207 (31) 

Fox 

50 (59) 

35 (41) 

Skunk 

28 (61) 

18(39) 

Other wildH 

19(51) 

18(49) 

All wild 

715(66) 

366 (34) 

Total# 

1 ,580 (74) 

558 (26) 

Annual rate/1 00,000 

22.6 

56.9 


*Rabies PEP cases reported to the health departments of 2 relatively 
urban counties, Onondaga and Monroe, and 2 relatively rural counties, 
Cayuga and Wayne. 

fHuman PEP cases from dog exposures were significantly higher in urban 
counties (p<0.001). 

JOther domestic animal exposures included 2 cows (10 cases), 3 ferrets 
(4 cases), 1 monkey (1 case), and 1 rabbit (1 case) in urban counties and 
5 cows (9 cases) and 2 horses (1 1 cases) in rural counties. 

§Human PEP cases due to bat exposures were significantly higher in 
urban counties (p<0.001). 

IjOther wild animal exposures included 8 woodchucks (8 cases), 4 
opossums (5 cases), 1 beaver (2 cases), 1 rat (1 case), 1 coyote (1 case), 
1 mouse (1 case), and 1 otter (1 case) in urban counties and 5 deer (5 
cases), 4 woodchucks (4 cases), 2 squirrels (3 cases), 2 coyotes (2 
cases), 2 chipmunks (2 cases), 1 beaver (1 case), and 1 opossum (1 
case) in rural counties. 

#78 PEP cases excluded because animal source was missing. 
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Table 3. Human rabies postexposure prophylaxis (PEP) by group size, 4 counties, New York, 1995-2000 


Characteristic 



Group size, n (%) 



1 

2 

3 

4 

5 

>6 

No. 

1 ,336 (60) 

284(13) 

159 (7) 

192 (9) 

55(2) 

190 (9) 

No. sources 

1 ,336 (83) 

142 (9) 

53 (3) 

48(3) 

11 (1) 

18(1) 

Route of exposure* 







Bitef 

1 ,008 (75) 

69 (24) 

18(11) 

6(3) 

1 (2) 

26(14) 

Nonbite 

316(24) 

205 (72) 

132 (83) 

170 (89) 

49 (89) 

163 (86) 

Unknown 

12(1) 

10(4) 

9(6) 

16(8) 

5(9) 

1 (<1) 

Source of exposure* 







Dog or cat 

845 (63) 

50(18) 

27(17) 

4(2) 

5(9) 

90 (47) 

Other domestic species 

5(<1) 

12(4) 

0 

4(2) 

0 

15(8) 

Raccoon 

1 1 1 (8) 

44(16) 

21 (13) 

32(17) 

2(4) 

40 (21) 

Bat 

241 (18) 

132 (46) 

96 (60) 

147(76) 

43(78) 

4(2) 

Other wild species 

97 (7) 

36(13) 

9(6) 

5(3) 

0 

21 (11) 

Unknown source animal 

37 (3) 

10(3) 

6(4) 

0 

5(9) 

20(11) 

Mean age (y) 

30.9 

31.6 

23.8 

22.5 

16.2 

26.6 

*Route of exposure and source of exposure percentages calculated within group size to accommodate comparison. 
fBite exposure was significantly associated with single-person exposures vs. group exposures (p<0.001). 


Information regarding treatment scheduling was not avail- 
able for 29 ( 2 %) PEP cases. 

Information on vaccine scheduling was available for 
724 (58%) of the 1998-2000 PEP cases. Administration 
schedules were correct for 605 (84%) persons. Six persons 
(1%) did not receive HRIG when it was indicated, and 9 
(1%) previously vaccinated persons received HRIG, 
although it was not indicated. One person received 6 total 
vaccine doses. Adverse events were listed as either present 
or absent with no scale as to severity. In all, 63 persons 
(5%) reported adverse reactions to vaccine or to HRIG. 


Discussion 

Epidemiologic characteristics of possible rabies expo- 
sure leading to PEP changed substantially in this 4-county 
upstate New York area from 1993 to 2000. The major 
changes were the animal species exposure source and type 
of exposure (Table 4). Prom 1995 to 2000, overall PEP 
incidence declined in this area to 27 cases/100,000 from a 
high of 43 cases/1 00,000 in the early 1990s (9). Although 
affected by complex factors, this may reflect increased 
knowledge about what constitutes an exposure from terres- 
trial mammals among the public and healthcare providers 
and how to avoid exposures. 


Table 4. Human rabies postexposure prophylaxis (PEP), 4 counties. New York, 1993-2000 

Characteristic 

1993-1 994* 

1995-2000 

PEP cases (annual mean) 

1,173 (587) 

2,216 (369) 

Annual PEP incidence 

32/100,000 urban, 123/100,000 rural 

23/100,000 urban, 57/100,000 rural 

Season 

Summer to early autumn 

Summer to early autumn, July-August for 1998-2000 

Sex 

55% male (47/100,000), 45% female (38/100,000) 

51% male (27/100,000), 49% female (25/100,000) 

Age (y)t 

10-1 4 and 35-55 

5-9 and 30-34 

Exposure source (%) 

Wild 

67 

51 

Raccoon 

50 

12 

Bat 

5 

31 

Other 

12 

8 

Domestic 

33 

49 

Cat 

17 

24 

Dog 

14 

23 

Other 

2 

2 

Exposure type (%) 

Bite 

30 

51 

Scratch 

6 

5 

Directf 

14 

16 

lndirect§ 

51 

28 

Group size 

47% >2 persons exposed 

40% >2 persons exposed 


*Data from Centers for Disease Control and Prevention (9). 
fAge groups with highest annual incidence. 

^Direct exposure of saliva or neural tissue to wound or mucous membrane. 

§lndirect exposure to saliva or neural tissue to wound or mucous membrane, includes unidentified exposures from 1995 to 2000. 
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In agreement with other recent studies, cats accounted 
for a majority of the exposures from domestic animals (9). 
Reinforced emphasis of responsible pet ownership and 
routine vaccination with specific attention to the ideal of 
maintaining cats indoors and up-to-date on their rabies 
vaccinations may help to reverse this trend. At this time, 
many states and localities do not require rabies vaccination 
in cats. New York established a statewide requirement for 
rabies vaccination for cats in 2002. Progress in this area 
would be further enhanced through tangible enforcement 
mechanisms. 

The passive nature of PEP data collection is an inherent 
weakness in most studies addressing PEP incidence. The 
capture rate in this study is high because New York has a 
requirement for reporting all PEP cases and provided par- 
tial reimbursement to local health departments for uncov- 
ered expenses. However, some cases may not have been 
reported if costs were borne by the private sector. 

Potential exposures to bats have replaced raccoons as 
the most common species leading to PEP (Eigure 3). By 
1998, bats had become the leading source of exposure for 
which PEP was sought in this area. Historically, bats have 
only accounted for 5 % to 10% of PEP cases (1,8,9). 
Eurthermore, most exposures to bats (62%) were cryptic or 
listed as unknown; in other words, the exposure could not 
be described as a bite from a bat or as direct or indirect 
contamination of an open wound or mucous membrane 
with infectious material from a bat. 

One hypothesis in the debate surrounding cryptic bat 
exposure and subsequent human rabies is that a bite from 
a bat is dismissed as insignificant or is unrecognized by the 
person because of somnolence or other impairment. Eor 
example, 32 human rabies cases have been caused by bat 
rabies virus variants from 1980 to 2004, but only 5 patients 
reported a bite from a bat. However, a bat “encounter” was 
recalled in 75% of cases, sometimes by family members or 
associates. Moreover, bat bites do not typically require 
medical attention for trauma from the bite itself (Eigure 4). 

Recognizing a potential exposure by the patient and 
appropriate administration of PEP by healthcare profes- 
sionals is critical to maintaining the low rates of human 
rabies deaths observed in the United States. Although the 
rate is low, the number of human rabies cases caused by 
bat-associated rabies virus variants rose from 2 during the 
1980s to 20 during the 1990s. This apparent increase in bat- 
associated human rabies cases led to changes in the recom- 
mendations for PEP to be considered in situations where a 
bat is physically present, a bite cannot be ruled out, and 
rabies cannot be ruled out by testing the bat. This caution- 
ary language was formalized in the 1999 update of ACIP 
reconnnendations for human rabies prevention and control 
(7). Although these reconnnendations have been criticized 
(11), they have been widely implemented in public health 
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Figure 3. Human rabies postexposure prophylaxis (PEP) associat- 
ed with raccoon (A) or bat (B) exposures and the number of rac- 
coons or bats that tested positive or negative for rabies, 4 upstate 
New York counties (Cayuga, Monroe, Onondaga, and Wayne), 
1993-2000. 


practice. In addition to the ACIP reconnnendations, the 
public health response in New York consisted of updated 
rabies guidelines and an education campaign on bats and 
rabies during the late 1990s (7,12,13). Though these guide- 
lines may have increased PEP, informed decision-making 
should always be used to reduce unnecessary PEP. 

Despite increased educational emphasis on bats and 
rabies, public knowledge about the risk of rabies exposure 
from bats is lacking (13,14). A New York study document- 
ed that only 17%-26% of respondents knew that bats 
found in homes should not be immediately released 
(before considering the need to test the bat) (13). 
Additionally, a Colorado study found that at least a third of 
human encounters with bats that result in a possible expo- 
sure could have been prevented by adopting a “do not 
touch” approach to wildlife (15). 

The deaths in 1993, 1994, and 1995 of 3 young girls in 
New York, Washington, and Connecticut and the death of 
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Figure 4. Wound inflicted by canine teeth of Eptesicus fuscus (big 
brown bat) while bat was being handled; picture taken same day 
as bite. 


a New Jersey man in 1997 (16-19) caused by a bat rabies 
virus variant elicited mass media attention. Sudden 
increases in PEP after highly publicized rabies cases or 
exposures have been previously described (20,21). Local 
and national events that involve a potential rabies case may 
affect how persons and physicians assess the risk of an ani- 
mal exposure, perhaps leading to use of PEP in an environ- 
ment of heightened concern rather than in response to a 
true exposure (21,22). 

The 1999 ACIP guidelines (currently in the nascent 
stages of another update), as well as the availability of 
expert consultation at the local, state, and national level, 
should be widely promoted among healthcare profession- 
als responsible for advising patients and providing PEP. 
Ultimately, public education about bats and rabies may 
increase the number of persons who seek PEP. A balanced 
approach is necessary to curtail inappropriate PEP and 
avoid unnecessary human deaths, such as the recent 
California case in which a patient did not seek PEP after a 
bat bite (23). Similarly, the recent Wisconsin human rabies 
case resulting from a bat bite was preventable had the risk 
been understood and had PEP been sought and appropri- 
ately administered. Survivorship in this case provides a 
welcome but extremely rare exception to the paradigm of 
rabies as inevitably lethal (24). It does not alter the ulti- 
mate goal of absolute human rabies prevention. 
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ANOTHER DIMENSION 

The Enigma We Answer by Living 

Alison Hawthorne Deming 


Einstein didn’t speak as a child 
waiting till a sentence formed and 
emerged full-blown from his head. 

I do the thing, he later wrote, which 
nature drives me to do. Does a fish 
know the water in which he swims? 

This came up in conversation 
with a man I met by chance, 
friend of a friend of a friend, 

who passed through town carrying 
three specimen boxes of insects 
he’d collected in the Grand Canyon — 

one for mosquitoes, one for honeybees, 

one for butterflies and skippers, 

each lined up in a row, pinned and labeled, 

tiny morphologic differences 
revealing how adaptation 
happened over time. The deeper down 


he hiked, the older the rock 
and the younger 

the strategy for living in that place. 

And in my dining room the universe 

found its way into this man 

bent on cataloguing each innovation, 

though he knows it will all disappear — 
the labels, the skippers, the canyon. 

We agreed then, the old friends and the new, 

that it’s wrong to think people are a thing apart 

from the whole, as if we’d sprung 

from an idea out in space, rather than emerging 

from the sequenced larval mess of creation 

that binds us with the others, 

all playing the endgame of a beautiful planet 

that’s made us want to name 
each thing and try to tell 
its story against the vanishing. 


From Genius Loci by Alison Hawthorne Deming 

Copyright 2005 by Alison Hawthorne Denning. Used by permission of Penguin, a division of Penguin Group (USA) Inc. 
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Central African 
Hunters Exposed 
to Simian 
Immunodeficiency 

Virus 

Marcia L. Kalish,* Nathan D. Wolfe, f 
Clement B. Ndongmo,* Janet McNicholl,* 
Kenneth E. Robbins,* Michael Aidoo,* 

Peter N. Fonjungo,*+ George Alemnji,^ 
Clement Zeh,* Cyrille F. Djoko,§ 

Eitel Mpoudi-Ngole,^ Donald S. Burke,t 
and Thomas M. Folks* 

HIV-seronegative Cameroonians with exposure to 
nonhuman primates were tested for simian immunodefi- 
ciency virus (SIV) infection. Seroreactivity was correlated 
with exposure risk (p<0.001). One person had strong 
humoral and weak cellular immune reactivity to SIVcol pep- 
tides. Humans are exposed to and possibly infected with 
SIV, which has major public health implications. 

T wo major public health priorities are ensuring the safe- 
ty of the blood supply and preventing the emergence 
of new infectious diseases. Phylogenetic evidence shows 
that HIV-1 and HIV-2 were introduced into humans 
through independent cross-species transmission of simian 
immunodeficiency virus (SIV) strains from distinct, natu- 
rally infected, nonhuman primate (NHP) hosts. HIV-1 
groups M, N, and O are believed to have arisen as 3 sepa- 
rate cross-species transmissions from chimpanzees, and 
each of the HIV-2 subtypes A-G was the result of inde- 
pendent transmissions from sooty mangabeys {Cercocebus 
atys) to humans. While laboratory exposure to NHPs has 
caused infections with SIV (1-3), no direct evidence has 
been seen of ongoing exposure to or infection with SIV in 
natural settings. Nevertheless, hunting and butchering wild 
NHPs for food, which expose humans to NHP blood and 
body fluids, are widespread in sub-Saharan Africa and may 
lead to ongoing transmission from any of the 33 species of 
NHP that are known to harbor their own unique SIV 
strains. Since ongoing lend virus emergence would be of 
substantial importance to global public health, we looked 
for evidence of SIV in a unique collection of plasma from 


*Centers for Disease Control and Prevention, Atlanta, Georgia, 
USA; fJohns Hopkins Bloomberg School of Public Health, 
Baltimore, Maryland, USA; ^:Project IRECAM (Investigation of 
Retroviruses in Cameroon), Yaounde, Cameroon; and §Johns 
Hopkins Cameroon Program, Yaounde, Cameroon 


persons with known levels of exposure to the blood and 
body fluids of NHPs (3). 

The Study 

No commercial serologic assays can detect SIV infec- 
tions in humans, and published assays for this purpose are 
not designed to detect a wide range of divergent SIV 
strains. To determine whether humans are infected with 
SIV, we developed a sensitive and specific SIV multiple 
antigenic peptide-based enzyme immunoassay (SMAP- 
EIA) for detecting env IDR (immunodominant region of 
gp41/gp36) and V3 antibodies to all of the SIV lineages for 
which env sequences were available, specifically SIVsm, 
SIVagm, SIVsyk, SIVcpz, SlVlhoest/SIVsun, SIVcol, 
SIVmnd and SlVdrl, SIVrcm, and SlVdeb (4). The SMAP- 
EIA also detects other SIV strains not represented by spe- 
cific SIV lineage-based peptides. 

This study was carried out under an approved protocol 
in accordance with guidelines set forth by the Centers for 
Disease Control and Prevention (CDC). We tested plasma 
samples from Cameroon that were seronegative for HIV-1 
and HIV-2 by EIA. Cameroon has extensive HIV-1 genet- 
ic diversity, and rural bushmeat hunting is common (2). 
Plasma from 3 different groups in Cameroon was exam- 
ined: 1) persons in remote villages who reported a high 
level of exposure to bodily fluids of NHPs through hunting 
NHPs, butchering NHPs, or keeping wild NHP pets (n = 
76) (2); 2) persons from the same villages who reported a 
low level of NHP exposure (n = 77) (2); and 3) persons 
from a general population (n = 1,071) from urban and rural 
areas in Cameroon where people may handle NHP meat 
but are unlikely to have repeated contact with the blood or 
body fluids of freshly killed animals. We tested the serore- 
activity of these small-volume samples by using our 
SMAP-EIA. Of the samples that were reactive (optical 
density [OD] >1.000) to >1 of a panel of 9 SIV IDR MAPs 
(Eigure 1), 17.1% were seroreactive in the high exposure 
group, 7.8% in the low exposure group, and 2.3% in the 
general group. The higher the risk for exposure to fresh 
NHP blood and body fluids, the greater the frequency of 
reactivity (p<0.001). 

Only 1 of the plasma samples, with an IDR OD >1, also 
reacted strongly to the homologous V3 peptide. This sam- 
ple, which was from our general population, reacted to the 
SIVcol {Colobus guereza) MAPs in both IDR (OD = 
1.250) and V3 (OD = 1.798). Since frozen viable cells 
were available from this person, we performed an interfer- 
on-y enzyme-linked immunospot (ELISPOT) assay to 
determine whether peripheral blood lymphocytes (PBLs) 
from this person recognized SIVcol peptides from C. 
guereza. Since no information is available about T-cell epi- 
topes within the SIVcol genome, and the SIV strains from 
C. guereza are highly divergent from all known SIV 
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Population groups 


Figure 1. Simian immunodeficiency (SIV) multiple antigenic pep- 
tide-enzyme immunoassay (SMAP-EIA) seroreactivity trends to 
SIV immunodominant region (IDR) peptides in HIV-seronegative 
Cameroonian population groups with different levels of exposure 
(high exposure [HE], low exposure [LE], or general [G]) to nonhu- 
man primates. OD, optical density, y} linear trend 48.166, p<0.001 . 


isolates (5), we designed a series of overlapping peptides 
(16-mers overlapping by 10) across the gag gene, on the 
basis of the only available Colobus sequence (5). Pools of 
10 peptides were each tested in the ELISPOT assay. Low 
levels of T-cell reactivity to pools 71-80 and 81-86 of the 
gag peptides (lOx and 5x background, respectively, and 
>25 spots/lO^ PBLs) and env V3 and IDR peptides (9x and 
6x background, respectively) were observed with unfrac- 
tionated PBLs (Ligure 2). No reactivity was observed in 
PBLs from an HIV- 1 -seronegative African donor used as 
a negative control. Polymerase chain reaction (PCR) and 
reverse transcription-PCR amplifications from proviral 
DNA lysates, plasma from this sample, and cells from 
stimulated ELISPOT wells were performed with pol 
primers originally used to identify the C. guereza sequence 
(5) and with other primers specifically designed from the 
published C. guereza sequence. Despite a strong humoral 
{env IDR and V3) response and weak cellular {gag) 
immune reactivity (in the range of ELISPOT results 
reported from sex workers who were highly exposed to 
HIV but seronegative), we were unable to amplify any 
SIVcol nucleic acids. Seroreactivity without PCR amplifi- 
cation has been documented in those with occupational 
SIV exposures (1,2). Therefore, seroreactivity to SIVcol in 
this person may reflect exposure to nonviable or defective 
SIVcol, a nonproductive or cleared infection, or sequester- 
ing of virus in lymphatic tissues. 

Conclusions 

Our data, taken together with previous reports of high 
prevalence of SIV in NHP bushmeat (6) and high levels of 


NHP exposure (3), offer new evidence that persons who 
hunt and butcher wild NHPs are subject to ongoing expo- 
sure and potential infection with SIV. In a study of 16 SIV 
isolates from 5 different primate lineages, 12 were capable 
of infecting human monocyte-derived macrophages, and 
1 1 were capable of replicating in human peripheral blood 
mononuclear cells (7), although cell tropism does not nec- 
essarily predict virus pathogenicity. Productive crossover 
infections may occur in low numbers in remote areas of 
Africa, but because of low population density and isola- 
tion, they do not have the opportunity to become epidemic 
strains and instead become dead-end infections. Ongoing 
transmission events may also be missed because serologic 
assays for detecting a broad range of SIVs are lacking or 
because monitoring is insufficient in populations with high 
levels of exposure to NHP blood and body fluids. We also 
have reason to believe that the frequency of SIV exposure 
and possible infection has increased during recent decades 
because of a combination of factors that have increased 
levels of NHP hunting (3); these factors include increased 
access to firearms, increased access to undisturbed NHP 
habitat from new logging roads, and increased demand for 
bushmeat in logging camps and rural and urban markets. 
New roads increase travel, increasing the probability that 
productive crossover SIV infections will emerge. Lurther 
surveillance for new, potentially successful, cross-species 
lentivirus transmission in Africa is needed to ensure a safe 
blood supply and prevent the spread of novel, emerging 
HIV infections. 



Figure 2. Interferon-y enzyme-linked immunospot reactivity stimu- 
lated with SIVcol peptides from the env and gag regions in periph- 
eral blood lymphocytes (PBLs) from a person seropositive for both 
the SIVcol V3 and immunodominant region (IDR) peptides and a 
seronegative person from Africa (both men). To include both assays 
in a single graph, the number of spots per 10^ PBLs for each pool 
of gag peptides was divided by the number of spots per 10^ PBLs 
in the medium control. This value was expressed as the level of 
reactivity above background; i.e., the value 2 on the y-axis stands 
for 2x the number of spots in the negative (medium) control. 
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Bartonella 
quintana in 
Cynomolgus 
Monkey (Macaca 
fascicularis) 
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Barbara C. Hegarty,t Sharon Kraycirik,^: 
Karen A. Kiiiary,^ P^ui Grosenstein,:^ 
James W. Brown, f 
and Edward B. Breitschwerdtf 

We identified a Bartonella quintana strain by poly- 
merase chain reaction amplification, cloning, and sequenc- 
ing of DNA extracted from lysed erythrocytes and cultured 
colonies grown from peripheral blood collected from a cap- 
tive-bred cynomolgus monkey (Macaca fascicularis). This 
report describes naturally acquired B. quintana infection in 
a nonhuman primate. 

artonella quintana, transmitted by the human body 
louse (Pediculus humanis), is the etiologic agent for 
trench fever. Although Mooser experimentally infected a 
rhesus monkey with B. quintana >50 years ago, we report 
the first naturally occurring infection with B. quintana in a 
nonhuman primate (1). 

A young adult female cynomolgus monkey (Macaca 
fascicularis), born October 1, 1998, in a breeding facility 
in Vietnam, was shipped on February 28, 2001, to Covance 
Inc. (Alice, TX, USA), where she was quarantined and 
acclimated by the vendor. On April 30, 2001, the monkey 
was shipped to Laboratory Animal Services, Novartis 
Pharmaceuticals Corporation (East Hanover, NJ, USA) 
and held in quarantine until released on June 15, 2001, for 
study and assigned an identification number of 1505. 
Numerous procedures, treatments, and screening tests 
were conducted by the vendor during the monkey’s quar- 
antine in Texas and before its arrival in New Jersey. These 
included the following: 1) vaccination against hepatitis A 
(genus Hepatovirus) and measles (genus Morbillivirus); 2) 
serologic testing for cytomegalovirus (subfamily 
Betaherpesvirinae; positive), herpesvirus B (family 
Herpesviridae, negative), simian type D virus (simian 
retrovirus; SRV-1, -2, and -3; negative), simian immuno- 
deficiency virus (SIV, genus Lentivirus; negative), simian 


*University College Dublin, Dublin, Ireland; fNorth Carolina State 
University, Raleigh, North Carolina, USA; and fNovartis 
Pharmaceuticals Corporation, East Hanover, New Jersey, USA 


T-lymphotropic virus (STLV, genus BLV-HTLV retro- 
viruses; negative); 3) testing by polymerase chain reaction 
for SRV-1, -2, and -3 (negative); 4) Mantoux skin test for 
Mycobacterium tuberculosis (negative x4); and 5) treat- 
ment for endoparasites with albendazole and avermectin, 
for ectoparasites with insecticide dust, and for Plasmodium 
spp. with chloroquine and primaquine. During the course 
of routine microscopic review of no. 1505’s peripheral 
blood collected pretest (July 9, 2001) and stained with 
Wright stain (Hema-Tek 2000, Bayer Corporation, Wright 
Stain Pak, Curtin Matheson Scientific Inc., Houston, TX, 
USA), erythrocytic morphologic changes (moderate to 
marked stomatocytosis, punctate discoloration, or poly- 
chromatophilic aggregation) suggestive of a hemotropic 
parasite were observed (Figure 1). Malarial parasites were 


E 



Figure 1. Peripheral blood film, Wright stain, 1,000x (oil immer- 
sion). A) Spherostomatocyte with suspect intracellular organism; 
B) suspect membrane-associated organism; C) microcytes with 
punctate discoloration; D) stomatocyte; E) poikilocyte with punc- 
tate discoloration and suspected membrane-associated organism; 
and F) aggregate of polychromatophilic erythrocytes and suspect 
intracellular organism at tip of arrow. 
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not observed. At the resolution of light microscopy 
(~2 jim), basophilic particles were identified in association 
with erythrocyte membranes, with less well-defined, pale- 
blue inclusions seen within erythrocytes. Mean corpuscu- 
lar volume was increased (82.2 fL). Blood from the same 
K-EDTA collection tube was transferred to the Electron 
Microscopy Laboratory (Novartis) for both transmission 
electron microscopy (TEM) and scanning electron 
microscopy (SEM) evaluation. Although intra- and extra- 
erythrocytic bacterial organisms were confirmed by TEM, 
and SEM identified numerous pits, the morphologic char- 
acteristics were not unique identifiers for Bartonella spp. 
(Eigure 2). Since the sample was discarded after aliquots 
were taken for electron microscopy, a new K-EDTA blood 
sample was collected for culture from monkey no. 1505 
and sent on ice by overnight delivery to the Intracellular 
Pathogens Laboratory, North Carolina State University 
College of Veterinary Medicine. Clinical observations dur- 
ing the study dosing period were unremarkable, and no 
unusual lesions were observed at necropsy or during histo- 
logic examination of selected tissues. 

The Study 

Approximately 1.5 mL K-EDTA blood received from 
Novartis was frozen (-80°C) and then thawed 1 week later 
after lysis of the erythrocytes. After centrifugation of the 
sample at 3,000 x g for 30 min, the pellet was resuspend- 
ed in M199 (Cellgro, Mediatech, Inc., Herndon, VA, USA) 
containing 20% (vol/vol) fetal bovine serum, 22.5% 
(vol/vol) sodium bicarbonate, 100 mmol/L sodium pyru- 
vate and GlutaMAX-1 (Gibco Life Technologies, Grand 
Island, NY, USA) and spread onto trypticase soy agar con- 
taining 5% (vol/vol) rabbit blood and chocolate agar 
(Becton Dickinson, Cockeysville, MD, USA), respective- 
ly. Plates were incubated at 35°C under 5% CO 2 and mon- 
itored for up to 6 weeks. 

Live hundred microliters phosphate-buffered saline 
(PBS) was added to 200 jiL blood (previously frozen at 
-80°C) and centrifuged at 20,817 x g for 6 min. The super- 
natant was removed, and the pellets were resuspended in 


500 qL lx PBS followed by centrifugation for 6 min. After 
removing the supernatant, and resuspending the samples in 
200 qL PBS, we extracted DNAby using a QIAamp Blood 
Kit (Qiagen, Chatsworth, CA, USA) DNA from culture- 
grown 5. henselae strain Houston- 1, B. vinsonii subspecies 
berkhoffii (93CO-1), B. elizabethae, B. clarridgeiae 
(NCSU 94-E40), and B. quintana (ATCC VR-358) were 
used for all PCRs as control templates. 

Amplification of the 16S rDNA and the 16S-23S inter- 
genic spacer (ITS) regions was performed as described 
earlier (2,3). Amplification conditions for the citrate syn- 
thase gene {gltA) were the same as for the 16S-23S ITS 
region except that primers BhCS 1137nl (5' AATG- 
CAAAAAGA ACAGTAAACA 3') and CS443f 2 (5' 
GCTATGTCTGCATTCTATCA 3') were used (4). 
Selective PCR amplifications for the 16S rDNA, 23 S 
rDNA, and rnpB were performed as described (2). 

After cloning, recombinant plasmid DNA for gUA and 
the 16S-23S ITS region was sequenced bidirectionally 
with the infrared fluorescently labeled primers 
M13Reverse (5' CAGGAAACAGCTATGACCATG) and 
T7 (5' TAATACGACTCACTATAGGGCGA). The recom- 
binant DNA carrying the genes for 23 S rDNA, 16S rDNA, 
and rnpB was sequenced as described elsewhere (5). All 
sequences were aligned by using the multiple sequence 
alignment editor ALIGN-IR (LI-COR), and consensus 
sequences for every gene sequenced were determined. 
Consensus sequences were then used to identify the clos- 
est match within GenBank. To determine the exact phylo- 
genetic relationship of the new isolate within the genus 
Bartonella, we analyzed an alignment that contained the 
sequences of 3 important phylogenetic markers, ribonucle- 
ase P RNA (RNase P RNA), 16S rDNA, and 23S rDNA, 
merged by catenation and organized by secondary struc- 
ture elements, as described (5). Our dataset comprises 14 
Bartonella strains (Table), including the 7 strains known to 
be human pathogens. We have also used the sequence 
information for the gltA as well as the 16S-23S rDNA ITS 
for sequence similarity analysis. Sequences have been 
deposited in GenBank with accession numbers AY484592 



Figure 2. A) Electron microscopy scan 
of peripheral blood. B) Transmission 
electron microscopy scan of peripheral 
blood, a, membrane invaginations; b, 
stomatocytes and spherostomatocytes; 
c, erythrocyte with vacuole-enclosed 
suspect organism. 
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Table. Strains used for the phylogenetic analysis within genus Bartonella* 


Bartonella quintana in Cynomolgus Monkey 

Strain 

16S rDNA 

23S rDNA 

rnpB 

6 . vinsonii subsp. arupensis^ (AJCC 700727) 

AF214558 

AF410937 

AF441 295 

B. clarridgeiae strain NCSU 94-F40'^ (ATCC 700095) 

U64691 

AF410938 

AY033649 

B. doshiae R1 (ATCC 7001 33) 

Z31351 

AF410939 

AF441 294 

B. elizabethae^ (ATCC 49927) 

L01260 

AF410940 

AY033770 

6 . vinsonii suhsp. berkhoffii {93CO-^f {ATCC 51672) 

L35052 

AF410941 

AF375873 

B. grahamii V2 NCTC 1 2860'^ (ATCC 7001 32) 

Z31 349 

AF410942 

AF441 293 

6 . henseiae strain Houston-1^ (ATCC 49882) 

M73229 

AF410943 

AY033897 

Bartoneiia strain N40 

AF204274 

AF410944 

AF441 292 

Bartoneiia strain deer 159/660/1 

AF373845 

AF410945 

AF376051 

B. quintana strain Fuller^ (ATCC VR-358) 

Ml 1927 

AF410946 

AY033948 

6 . bovis (formerly 6 . weissii) strain 99-B01 

AF291 746 

AF410947 

AF376050 

6 . V//7SO/?// subsp. vinsonii strain Baker^ (ATCC VR-152) 

Z31 352 

AF411589 

AY033502 

B. baciiiiformis KC584 

AF442955 

L39095 

AF440224 

CMO-01-1 

AY484592t 

AY484593t 

AY484594I 

*T, type strains. GenBank accession numbers for sequences of the 1 6S rDNA, 23S rDNA, and rnpB are listed in corresponding columns. 
fAccession numbers of sequence data determined in this study that were deposited into the GenBank database. 


(16S rDNA), AY484593 (23S rDNA), AY484594 (RNase 
PRNA), and AY484595 {gltA). 

On day 14 after blood plating, growth typical for mem- 
bers of the genus Bartonella was obtained. Sixty-two small 
to medium-sized, white, shiny, smooth, nonadherent 
colonies were detected on chocolate agar. By day 16 after 
plating, 43 colonies of similar appearance were evident on 
blood agar. The strain was designated Bartonella strain 
CMO-01-1. 

DNA could be successfully extracted, and subsequent 
PCR reactions resulted in PCR products representing 23 S 
rRNA, 16S rRNA, RNase P RNA, 16S-23S rDNA ITS 
sequence, and the citrate synthase gene. All products were 
successfully cloned and sequenced. Sequencing of multi- 
ple clones for each gene resulted in sequences that were 
>99% identical to existing sequences derived from B. 
quintana, with the exception of the 16S-23S rDNA ITS 
sequence (>98.4%) and gltA (98%). Initial BLAST search 
results showed that the sequences for the 23 S rDNA, the 
16S rDNA, RNase P RNA, 16S-23S rDNA ITS sequence, 
and gltA derived from strain CMO-01-1 best matched B. 
quintana sequences that have been reported to GenBank. 
The data could be reproduced by using DNA extracted 
from the K-EDTA blood sample or from pure colonies 
grown on both chocolate and blood agar. 

Subsequent comprehensive phylogenetic analysis 
clearly identified the isolate CMO-01-1 as a close relative 
of B. quintana type strain “Fuller.” The statistical support 
for this relationship is 100%, as indicated by the bootstrap 
values for the phylogenetic tree (Figure 3). 

Conclusions 

Our findings support the close relationship of B. quin- 
tana and the new cynomolgus monkey isolate. The evolu- 
tionary distance (Figure 3) between B. quintana and the 
new isolate is similar to the evolutionary distance between 


the 3 subspecies of B. vinsonii. The high degree of 
sequence identity for the 16S rDNA of our isolate to other 
B. quintana 16S rDNA sequences deposited in GenBank 
clearly identifies strain CMO-01-1 as B. quintana. 
However, the high degree of 16S rDNA sequence identity 
makes a discriminatory match within or below the species 
level impossible. We have therefore applied the combined 
use of the phylogenetic markers RNase P RNA, 16S 



Figure 3. Phylogenetic tree of Bartonella species (Table) based on 
the combined RNase P RNA, 16S, and 23S rRNA sequence align- 
ment. Agrobacterium tumefaciens serves as the outgroup in this 
tree. The tree shown was generated by using the neighbor-joining 
method. The horizontal axis is estimated evolutionary distance. 
The numbers shown at each node are the number of times that 
node appears among 1 ,000 bootstrapped trees. T, type strains. 
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rRNA, and 23 S rRNA for a comprehensive phylogenetic 
analysis. The advantage of such an analysis within the 
genus Bartonella has been discussed by Pitulle et al. (2). 
We have used the same dataset (Table) as described earli- 
er (2) but added the sequences derived from the isolate 
CMO-01-1. We therefore consider the new isolate a novel 
strain of B. quintana. 

The 1.6% sequence dissimilarities of the 16S-23S 
rDNA ITS data derived from CMO-01-1 to published 
16S-23S rDNA ITS sequences for B. quintana are phylo- 
genetically insignificant. The 16S-23S rDNA ITS region 
is a highly sequence variable area within the bacterial 
genome that can differ to the extent seen in our study at or 
below the species level (3,5). The sequences determined in 
our study have the same length as the 16S-23S rDNA ITS 
sequence reported for B. quintana, which further supports 
our conclusion that CMO-01-1 is a strain of B. quintana. 

The gUA sequence derived from the bacterial strain 
CMO-01-1 is 98% identical to that derived from B. quin- 
tana. This match was the highest within the genus 
Bartonella. The next closest match was B. henselae with 
92% similarity. This degree of sequence identity also sug- 
gests that CMO-01-1 represents a strain of B. quintana. 

Confinement practices used for monkey 1505 should 
have eliminated or substantially restricted possible expo- 
sure to insect vectors, such as the human body louse 
(Pediculus humanis). Neither an exposure date nor an 
arthropod vector was identified in this monkey. Chronic 
subclinical infection with B. quintana has been docu- 
mented following experimental infection of monkeys (1) 
and in humans for B. quintana (5,6) and B. bacilliformis 
(7). Persistent infection was suspected but was not docu- 
mented in this monkey because of the delay in bacterial 
identification. Bred and raised in outdoor facilities located 
in Southeast Asia, these primates often arrive in the United 
States with subclinical malaria, proof that exposure to 
mosquitoes and potentially other insects has occurred. B. 
quintana DNA has been recently found in ticks and fleas 
(8,9). 

The reemergence of B. quintana infections in humans 
has expanded awareness of the organism’s ability to induce 
persistent bacteremia in people with few symptoms 
(5,6,10,11). Because of the small number of infected ery- 
throcytes needed to sustain infection, screening peripheral 
blood for organisms, even with confocal microscopy, has a 


poor success rate (12). Our findings indicate that nonhu- 
man primates may serve as a previously unrecognized 
reservoir for human B. quintana infection. 

Dr O’Rourke is a veterinary clinical pathologist at the 
University College Dublin, Dublin, Ireland. 
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Passatempo virus was isolated during a zoonotic out- 
break. Biologic features and molecular characterization of 
hemagglutinin, thymidine kinase, and vaccinia growth fac- 
tor genes suggested a vaccinia virus infection, which 
strengthens the idea of the reemergence and circulation of 
vaccinia virus in Brazil. Molecular polymorphisms indicated 
that Passatempo virus is a different isolate. 

S ince 1999, an increasing number of exanthemous out- 
breaks affecting dairy cattle and cow milkers in Brazil 
have been reported (1-3). These outbreaks were related to 
poxvirus infections, which resulted in economic losses to 
farmers and affected the health of humans and animals. 
Here we report a vaccinia virus (VACV) outbreak that 
emerged in March 2003 in the town of Passa-Tempo, 
Minas Gerais State, Brazil. 

The Study 

The outbreak area is characterized by small rural prop- 
erties with diverse crops, pasturelands, and surrounding 
fragments of Atlantic Forest. Its climate is tropical, with a 
relatively severe dry season, generally from April to 
September (4). 

All dairy farms were similar, consisting of a main house 
with corrals and pasture fields generally with unsophisti- 
cated infrastructure. All milking was manually performed 
by milkers, typically without strict aseptic measures, 
which could have contributed to the spread of the virus 
among the herd and milkers. Cows exhibited lesions on 
teats and udders that resembled the clinical features 
observed during other Brazilian VACV outbreaks (1). 
Initial acute lesions were associated with a roseolar erythe- 
ma with localized edema that led to the formation of vesi- 
cles. The vesicles rapidly progressed to papules and 


*Universidade Federal de Minas Gerais, Belo Horizonte, Minas 
Gerais, Brazil; fCentro de Pesquisas Rene Rachou-Fundagao 
Institute Oswaldo Cruz, Belo Horizonte, Minas Gerais, Brazil; and 
finstituto Mineiro de Agropecuaria, Belo Horizonte, Minas Gerais. 
Brazil 


pustules, which subsequently ruptured and suppurated. 
Typically, a thick dark scab followed, but the formation of 
large areas of ulceration was also connnon. The course of 
infection lasted from 3 to 4 weeks. Different stages of 
lesions were present, ranging from papules to vesicles, 
pustules, and crusts (Figure 1). Moreover, because of sec- 
ondary infections, some cows had mastitis (Figure 1). 
Calves became infected, showing lesions on oral mucosa 
and muzzles (Figure 1). Several infected milkers reported 
lesions on their hands, which were apparently transmitted 
by unprotected contact with sick cattle (Figure 1). In addi- 
tion, infected persons reported severe headache, backache, 
lymphadenopathy, and high fever. 

For virus isolation, crusts were collected from 5 cows 
and 1 calf, macerated, and added to the chorioallantoic 
membrane of embryonated eggs (2). The whitish pock- 
marks produced on chorioallantoic membranes resembled 
VACV pocks, differing from the red hemorrhagic ones 
produced by cowpox virus (CPXV) (online Appendix 
Figure 1; available at http://www.cdc.gov/ncidod/EID/ 
volllnol2/05-0773_appl.htm). Blood from affected ani- 
mals was collected for neutralization assays (5). Serologic 
cross-reactivity of antibodies to VACV-Western Reserve 
(WR) strain was detected in all samples, and titers of these 
serum samples were >640 U/mL (data not shown). 

Transmission electron microscopy of isolates (6) 
showed a morphologic pattern typical of orthopoxviruses 
(online Appendix Figure 2; available at http://www.cdc. 
go v/ncidod/EID/vol 1 1 no 1 2/05-07 7 3_app2 .htm) . No A- 
type inclusion body (ATI) was seen, reinforcing the con- 
clusion that this virus was likely not a CPXV, but a VACV 
Viral DNAs were extracted (6) and used as template for ati 
gene restriction fragment length polymorphism (RFLP) 
analysis (7). The ati RFLP patterns of all isolates were 
identical to those of Aragatuba virus (ARAV) (1) and other 
VACV strains previously isolated in our laboratory 
(unpub. data); they were similar to those of VACV- WR and 
completely different from those of CPXV-Brighton Red 
(BR) (online Appendix Figure 3; available at http://www. 
cdc.gov/ncidod/EID/volll no 12/05-0773_app3. htm). 
Since all isolates showed the same ati RFLP pattern, one 
was cloned, purified, titrated (1,6), and named Passatempo 
virus (PSTV). 

To better identify this etiologic agent, ha, tk, and vgf 
genes were amplified by polymerase chain reaction with 
Taq polymerase (Promega, Madison, WI, USA) (6,8,9). 
Amplicons were cloned into pGEM-T vector (Promega). 
Three clones were sequenced 3 times in both orientations 
by the dideoxy method, using Ml 3 universal primers and 
FT Dynamic Terminator for MegaBACE (GE Healthcare, 
Fairfield, CT, USA). The nucleotide (nt) sequences of ha, 
tk, and vgf were assembled by using the CAP3 Sequence 
Assembling Program (10) and deposited in GenBank 
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Figure 1. Lesions caused by 
Passatempo virus infection. 
Panels 1 and 2, ulcerative 
lesions on cows' teats; 3, mas- 
titis caused by bacterial sec- 
ondary infection; 4 and 5, 
lesion on calves' muzzle and 
oral mucosa; 6, lesions of 
dairy farm milker. 


under accession numbers DQ070848, DQ085461, and 
DQ085462, respectively. The sequences and inferred 
amino acid sequences were aligned with those of 
orthopoxviruses by using the ClustalW 1.6 program (11). 

PSTV ha gene sequence was compared to those of 
ARAV, Cantagalo virus (CTGV) (1,2), VACV-WR, CPXV- 
BR, VACV Instituto Oswaldo Cruz (VACV-IOC), and 
VACV Lister (VACV-LST). VACV-IOC and VACV-LST 
are vaccine strains used in the Brazilian smallpox eradica- 
tion program (2,6). The PSTV ha gene sequences present- 
ed the same 18-nt deletion found in ARAV, CTGV, and 
VACV-IOC and shared more similarities to ARAV and 
CTGV homologous sequences. Additionally, 8 amino acid 
substitutions were unique to PSTV, ARAV, and CTGV. 
Since this characteristic was not observed in the vaccine 
strains, an independent origin is suggested. Moreover, 
PSTV HA differs from that of ARAV and CTGV by 1 and 
2 amino acid substitutions, respectively (online Appendix 
Figure 4; available at http://www.cdc.gov/ncidod/ 
EID/volllnol2/05-0773_app4.htm). The percentage of 


identity between ha, tk, and vg/ nucleotide sequences and 
inferred amino acid sequences of PSTV with CPXV-BR 
and other VACV strains are presented in the Table. For the 
tk gene that is highly conserved among VACV, the PSTV 
nucleotide sequence had 100% identity to ARAV, VACV- 
LST, and VACV-WR homologous sequences. Addition- 
ally, PSTV vg/gene had a 3-nt deletion, corresponding to 
nt 7,669-7,671 of VACV-WR, causing the loss of 1 
isoleucine in a stretch of 4 found in the ARAV and VACV- 
WR VGF sequences (Appendix Figure 4). PSTV VGF also 
exhibited 2 amino acid substitutions when compared to 
ARAV VGF sequences. 

The alignments were used to construct phylogenetic 
trees by the neighbor-joining method using the Tamura Nei 
model implemented in MEG A3 (12). Trees were rooted at 
midpoint, and 1,000 bootstrap replications were per- 
formed. A tk and vgf gents concatenated phylogenetic tree 
was constructed by placing PSTV together with VACV 
strains (data not shown). Regarding ha sequences, PSTV 
was clustered to ARAV and CTGV (Figure 2). 


Table. Passatempo virus (PSTV), Arapatuba virus (ARAV), Cantagalo virus (CTGV), Vaccinia virus IOC (VACV-IOC), vaccinia virus 
Lister (VACV-LST), vaccinia virus Western Reserve (VACV-WR), and cowpox virus Brighton Red (CPXV-BR) ha, tk, and vgf genes 
and amino acid sequences*! 


Identity among homologous sequences (%) 


PSTV 

ARAV 

CTGV 

VACV-IOC 

VACV-LST 

VACV-WR 

CPXV-BR 

Genes 

ha 

99.9 

99.8 

98.7 

97.4 

96.3 

84.0 

tk 

100.0 

* 

* 

99.8 

100.0 

98.0 

vgf 

98.6 

* 

* 

98.0 

98.6 

95.7 

Amino acids 

HA 

99.7 

99.3 

96.6 

95.0 

94.0 

79.9 

TK 

100.0 

* 

* 

100.0 

100.0 

98.2 

VGF 

97.4 

* 

* 

100.0 

97.4 

92.2 


*CTGV and VACV-IOC tk and vg/" nucleotide and amino acid sequences are not available in the GenBank database. 
fHA, hemagglutinin: TK, thymidine kinase; VGF, vaccinia growth factor. 
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Figure 2. Consensus bootstrap phylogenetic tree based on the 
nucleotide sequence of Orthopoxvirus ha gene. The tree was con- 
structed by the neighbor-joining method using the Tamura-Nei 
model of nucleotide substitutions implemented in MEGA3. The 
tree was midpoint-rooted, 1,000 bootstrap replicates were per- 
formed, and values >50% are shown. Nucleotide sequences were 
obtained from GenBank under accession numbers: PSTV 
(DQ070848), ARAV (AY523994), CTGV (AF229247), VACV- 
Wyeth (VVZ99051), VACV-TianTan (U25662), VBH (AY542799), 
VACV-WR (AY243312), VACV-Koppe (AF375122), VACV-MVA 
(U94848), VACV-IOC (AF229248), VACV-LST (AF375124), VACV- 
len (AF375123), VACV-COP (M35027), bfl-3906 (AF375077), 
VACV-Malbran (AY1 46624), RPXV-rev (AF375118), CPXV-GRI90 
(CVZ9904), CPXV-BR (AF482758), ECTV-MOS (AF012825), 
CMLV-CMS (AY009089), CMLV-M96 (AF438165), VARV-BSH 
(L22579), VARV-IND (X69198), MPXV-ZRE (AF380138). (t) indi- 
cates Brazilian VACV isolates and ft) indicates Brazilian vaccine 
samples. 


Conclusions 

The phylogenetic tree analysis suggested a strong phy- 
logenetic relationship between PSTV and other Brazilian 
VACV strains. However, the vgf and ha gene analysis of 
PSTV, ARAV, and CTGV indicated that genetic hetero- 
geneity exists among these viruses, which suggests that the 
ha gene deletion found in PSTV, ARAV, CTGV, and 
VACV-IOC could be a signature of New World or 
Brazilian VACV strains. 

Additionally, that RFLP analysis showed a pattern iden- 
tical with other Brazilian strains, similar to VACV-WR and 
different from CPXV, suggests that a cladogenesis event 
may have occurred. This conclusion is feasible considering 
that these viruses could be circulating in the wild since 


smallpox vaccination or even before, going back to the 
colonization of South America, when cattle and other ani- 
mals were brought to the New World without quarantine or 
inspection. The VACV variants buffalopox and rabbitpox 
have originated from VACV subspeciation (13). 

That humans were also infected and that these persons 
were all milkers, phenomena that had been observed dur- 
ing other Brazilian VACV outbreaks, points to an occupa- 
tional zoonosis. Although parapoxvirus infection has been 
placed in the category of occupational zoonosis, to our 
knowledge no other orthopoxviruses have been reported to 
cause an occupational hazard. Economic losses are also a 
matter of concern. In addition to the reduction in milk pro- 
duction, extra veterinary costs are due to the usual occur- 
rence of secondary infections on cows’ teats leading to 
mastitis. The reduction in milk production is a concern 
because Brazil is a major milk exporter. Therefore, the 
spread of these viruses could severely impact the country’s 
economy. In this regard, the clinical features, widespread 
dissemination, and epidemiology of the etiologic agent of 
these outbreaks must be understood. 

Since 1963, all Brazilian orthopoxvirus isolates have 
been characterized as VACV strains (3,6,14,15). The grow- 
ing geographic distribution of these outbreaks (Figure 3) 



Figure 3. Brazilian states where vaccinia viruses were isolated. 
ES, Espirito Santo State: Espirito Santo isolates in 2004 (unpub- 
lished); GO, Goias State: Goias isolates after 2001 (3); MG, Minas 
Gerais State: Belo Horizonte virus in 1993 (15), Minas Gerais iso- 
lates after 2001 (3), Passatempo virus in 2003; PA, Para State: 
BeAn 58058 virus in 1963 (6); RJ, Rio de Janeiro State: Cantagalo 
virus in 1999 (2); SP , Sao Paulo State: SPAn232 virus in 1979 
(14), Aragatuba virus in 1999 (1), Sao Paulo isolates after 2001 
(3). 
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indicates that these viruses may be emerging as zoonotic 
pathogens of cattle. This fact is especially important 
because a growing human population has no vaccine- 
derived immunity to smallpox or other orthopoxviruses. 
This situation could create an opportunity for these virus- 
es to disseminate in Brazil. In addition, the isolation of 
another VACV strain strengthens the hypothesis that 
VACV is circulating in the New World and that these 
viruses seem to be endemic of this region. 
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Anthrax in Eastern 
Turkey, 1992-2004 

Zulal Ozkurt,* Mehmet Parlak,* Rustu Tastan,t 
Ufuk Dinler4 Yavuz S. Saglam,* 
and Serhat F. Ozyurek§ 

We investigated animal and human anthrax cases dur- 
ing a 13-year period in eastern Turkey. From 1992 to 2004, 
a total of 464 animal and 503 human anthrax cases were 
detected. Most cases occurred in summer. Anthrax remains 
a health problem in eastern Turkey, and preventive meas- 
ures should be taken. 


A nthrax is an endemic zoonosis in Turkey, but the inci- 
dence of the disease has been decreasing. From 1960 
to 1969, a total of 10,724 human cases were reported com- 
pared to 4,423 cases from 1980 to 1989. After 1990, the 
number of human anthrax cases was <300 annually (1). 
Animal anthrax cases have also been decreasing, and 277 
cases were reported in 2001; 218 in 2002 and 72 in the first 
8 months of 2003. We conducted this study to investigate 
the epizootiology and of epidemiology of anthrax during 
the 13 -year period from 1992 through 2004 in eastern 
Turkey. 

The Study 

Animal anthrax cases from the Institute of Veterinary 
Control and Research in Eastern Anatolia Region and 
human cases from the Department of Clinical Bacteriology 
and Infectious Diseases (in the tertiary hospital) and state 
health centers or hospitals (primary and secondary health 
care centers) from January 1992 to November 2004 were 
included. Data were collected from formal records. 

A suspected case of cutaneous anthrax is characterized 
by a skin lesion evolving from a papule, through a vesicu- 
lar stage, to a depressed black eschar; edema, erythema, or 
necrosis without ulceration may be present. A confirmed 
case is defined through positive smear or isolation of 
Bacillus anthracis in clinical specimens (2). B. anthracis 
isolates were identified on the basis of conventional meth- 
ods such as gram-positive bacilli with spores seen in 
smear, the presence of a capsule, lack of motility, and cata- 
lase positivity. 

In humans, the diagnosis of anthrax was based on clin- 
ical findings or microbiologic procedures, including Gram 
stain (short chains of capsulated gram-positive bacilli seen 
on a smear) and isolation of B. anthracis from a clinical 


*Ataturk University, Erzurum, Turkey; fUniversity of Kocaeli, 
Kocaeli, Turkey, ^Institute of Veterinary Control and Research, 
Erzurum, Turkey; and §Health Directorate, Erzurum, Turkey 


specimen (3). In animals, the diagnosis was made by 
examining the history, autopsy findings, and Gram stain or 
cultures from tissues (liver, spleen, lymph node, bone mar- 
row, and ear) of a sick animal. 

From the 13-year period January 1992-November 
2004, a total of 464 animal and 503 human cases of 
anthrax were detected in eastern Turkey. Of 464 animal 
cases, 20 (4.3%) were sheep, and 444 (95.7%) were cattle. 
The mean number of cases was 35.6 per year in animals 
and 38.6 per year in humans. Anthrax cases in both 
humans and animals increased from 1993 to 1999 and 
decreased after 2000 (Figure 1). 

Most animal (319 [68.7%]) and human (338 [67.2%]) 
cases occurred between July and October. Anthrax was 
seen most frequently in Erzurum and Kars, cities that are 
centers of animal commerce (Table). 

All animal cases died. Most of the human cases were 
cutaneous anthrax (Figure 2) Only 2 cases (0.39%) died, 
one from meningitis, and the other from asphyxia due to 
extensive anthrax edema (4,5). The remaining patients 
recovered. All the patients had a history of exposure to 
anthrax-infected animals. 

Conclusions 

Anthrax is endemic in the Middle East, some Asian 
countries, Africa, and South America. The disease has also 
been detected in Turkey (6-8). In eastern Turkey, most 
people live in rural areas and work in agriculture and 
stockbreeding. Animals usually graze in pasture from April 
through November. In this study, most anthrax cases were 
seen from April to November. Similar seasonal distribution 
has been observed in other studies (5,9-11). 

The numbers of both animal and human anthrax cases 
in eastern Turkey increased from 1995 to 2000. 
Nevertheless, from 2000 until 2004, cases have been 
decreasing. Economic and social changes, strict animal 
vaccination programs, and education of farmers may have 
contributed to this trend. Anthrax was most connnonly 
seen in Erzurum and Kars, which are centers of animal 
trade and have large international commercial roads. 

Skinning, butchering a sick animal, and handling and 
eating contaminated meat are known risk factors for 



Figure 1 . Annual distribution of anthrax cases. 
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Table. Distribution of anthrax cases in cities, eastern Turkey 

City 

No. human cases 

No. animal cases 

Agri 

35 

28 

Ardahan 

45 

39 

Artvin 

13 

15 

Bayburt 

30 

47 

Erzincan 

24 

23 

Erzurum 

198 

170 

Igdir 

31 

29 

Gumushane 

24 

19 

Kars 

103 

94 

Total 

503 

464 


human anthrax (12). All patients in our study had a history 
of exposure to anthrax-infected animals. Although some 
patients had eaten infected meat, no gastrointestinal 
anthrax cases occurred, which may be due to the cooking 
methods these patients used (overcooking the meat). 
However, humans should not eat meat from a sick animal. 

In this study, more anthrax cases occurred in humans 
than in animals. Several factors could account for this find- 
ing. First, sometimes sick animals have been butchered by 
humans and are not reported to veterinary institutions, so 
some animal cases are not recorded. Secondly, 1 sick ani- 
mal can contaminate several persons who participate in the 
slaughtering procedure. Finally, because fewer resources 
are available for the veterinary infrastructure and reporting 
mechanisms than for the public health system, animal 
cases are probably underreported. Similar results have 
been reported in other studies (7,8). For example, Aydin et 
al. (8) detected 164 animal anthrax cases versus 327 
human cases in 1993, and 50 animal cases versus 445 
human cases in 1994. Kececi et al. (7) reported 17 animal 
versus 166 human anthrax cases in 1995. Otlu et al. (13) 
reported 45 animal cases versus 89 human anthrax cases in 
2000 - 2001 . 



Figure 2. Cutaneous anthrax on eyelids. Photographer: ZCilal 
Ozkurt. Photograph taken with patient's permission. 


In this study, most animal anthrax cases occurred in cat- 
tle. Several factors may account for this occurrence. First, 
more cattle than sheep are found in the region. Second, cat- 
tle graze in plains, but sheep graze in high plateaus and 
slopes, so cattle probably have more exposure to environ- 
mental anthrax risks than sheep (spores accumulate more in 
plains). Third, cattle have more economic value than sheep; 
as a result, sick cattle are reported to the veterinary service 
and recorded. But, when a sheep becomes ill, it is slaugh- 
tered before dying or buried immediately after death; its 
death is not reported to the veterinary service in rural areas. 
Aydin et al. (8) reported that 72.9% of anthrax cases 
occurred in cattle and 27.0% in sheep in the same region in 
1994. Otlu et al. (13) detected 11 anthrax cases in sheep 
versus 34 anthrax cases in cattle in the same region in 2000. 

Good surveillance, decontamination and disinfection 
procedures, and education are mandatory to reduce the 
incidence of anthrax. Employees should be educated about 
the disease to reduce the risk for disease. Controlling the 
disease in humans ultimately depends on controlling it in 
animals by effective surveillance and immunization. The 
carcasses of all animals that have died with a confirmed 
diagnosis of anthrax should be thoroughly cremated, and 
the remains should be deeply buried (14,15). 


Dr Ozkurt is an infectious specialist in the Department of 
Infectious Diseases, School of Medicine, Ataturk University, 
Erzurum, Turkey. Her primary research interests are hospital 
infections and zoonoses (brucellosis, Q fever, Crimean-Congo 
hemorrhagic fever, and anthrax). 
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Methicillin- 
resistant 
Staphylococci in 
Companion 
Animals 

Keith E. Baptiste,* Kerry Wiiiiams,t 
Nicoia J. Wiiiams,* Andrew Wattret,* 

Peter D. Ciegg,* Susan Dawson,* 

John E. Corkiii,t Turlough O’Neiii,* 
and C. Anthony Hartf 

We determined the molecular characteristics of methi- 
cillin-resistant staphylococci from animals and staff at a 
small animal and equine hospital. Methicillin-resistant 
Staphylococcus aureus (MRSA) identical to human 
EMRSA-15 was found in dogs and hospital staff. In con- 
trast, 5 distinct MRSA strains were isolated from horses but 
not from hospital staff. 

M ethicillin-resistant Staphylococcus aureus (MRSA) 
is among the most important causes of human 
healthcare associated infections. MRSA has also caused 
infections in dogs (1,2), and cases of human-to-dog trans- 
mission of MRSA in which dogs have acted as reservoirs 
for reinfection have been reported (3,4). MRSA and methi- 
cillin-resistant, coagulase-negative staphylococci (MR- 
CNS) have also been reported in horses (5), including 
outbreaks in equine hospitals (6). In these cases, MRSA 
was thought to be of human origin (6); however, a 
Japanese study could not definitively relate equine to 
human MRSA with pulsed-field gel electrophoresis 
(PFGE) (7). At a Canadian equine hospital and thorough- 
bred farm, both horses and staff were positive for MRSA, 
and 96% and 93% of isolates, respectively, were subtypes 
of a rare Canadian MRSA-5 clone (8). 

Horses, dogs, and cats in the community; animals treat- 
ed at the University of Liverpool’s Small Animal Hospital 
(SAH) and Philip Leverhulme Equine Hospital (PLEH); 
and staff at those hospitals were screened for MRSA. The 
molecular characteristics of MRSA in these populations 
were investigated to determine the source and routes of 
transmission. Animal samples were also screened for MR- 
CNS. 


*University of Liverpool, Leahurst, United Kingdom; and Royal 
Liverpool University Hospital, Liverpool, United Kingdom 


The Study 

Swabs were taken from the anterior nares of dogs, 
horses, and staff; nasal surface of cats; perineum of dogs, 
cats, and horses; and the neck skin surface of horses. All 
diagnostic submissions from both of these hospitals were 
screened for MRSA. Swab specimens were directly inocu- 
lated onto mannitol salt agar (LabM, Bury, UK) with aztre- 
onam (2 mg/L) and oxacillin resistance-screening agar 
(Oxoid, Basingstoke, UK) and incubated at 37°C for <48 
h. Staphylococci were identified by colony shape. Gram 
stain, staphylase test (Oxoid), and API staph kit (MR-CNS 
only) (bioMerieux, Basingstoke, UK). The disk-diffusion 
method (Mast, Liverpool, UK) was used to determine the 
susceptibility of all isolates to oxacillin, methicillin, gen- 
tamicin, vancomycin, rifampicin, ciprofloxacin, co-tri- 
moxazole, fusidic acid, and tetracycline, according to the 
British Society for Antimicrobial Chemotherapy guide- 
lines, by using S. aureus ATCC 26923, EMRSA-15, and 
EMRSA-16 as controls (9). 

Cell lysates of all methicillin-resistant staphylococci 
were prepared as described previously (10). Cell lysates 
were also prepared from 3 control strains, EMRSA-15, 
EMRSA-16, and the Canadian epidemic strain, CMRSA- 
5, previously found in horses and humans (8). The pres- 
ence of the mecA gene was determined with polymerase 
chain reaction (PCR) by using a modified method adapted 
from Vanuffel et al. (11), with a conventional thermocy- 
cler. PCR to detect the S. aureus femA gene was used to 
confirm isolates as MRSA (12). For all MRSA and equine 
MR-CNS isolates, the SCCmec cassette and the agr oper- 
on were analyzed as described previously (13). All MRSA 
isolates were screened for the gene encoding Panton- 
Valentine leukocidin by using the method of Lina et al. 
(14); a positive control for this reaction was provided by 
the Scottish MRSA Reference Laboratory. Macro- 
restriction of the genome and PFGE were conducted on all 
MRSA isolates according to the protocol described by 
Murchan et al. (15) and included on each gel with 
EMRSA-15 and -16 and CMRSA-5. 

Swabs taken from cats (n = 50) and dogs (n = 55) treat- 
ed at the SAH and cats within the community 
(February-March 2004) were negative for MRSA. One cat 
was positive for methicillin-resistant staphylococci, and 4 
dogs were positive for MR-CNS, all of which were con- 
firmed by PCR to be carrying the mecA gene. However, 3 
dogs with clinical infections (a joint infection in January 
2004, pleuropneumonia in March 2004, and a wound 
infection in June 2004) were positive for MRSA at the site 
of infection. The dog with the joint infection was also pos- 
itive for nasal and fecal carriage of MRSA; a student who 
treated the dog had an MRSA-positive nasal swab in April 
2004. Eleven staff provided nasal swabs, of which 2 were 
positive for MRSA in January 2004 (Table). All MRSA 
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Table. Isolate test results for methicillin-resistant Staphylococcus aureus (MRSA)* 

No. No. samples positive for MRSAj (%) No. samples positive for 

sampled Nasal Perineum Skin Other (clinical) MR-CNSj (%) 


Dogs 


Clinical cases 

3 

1 

1 

1 

Joint and pleural fluid, feces 

NT 

NT 

NT 

SAH 

32 

0 

0 

0 


2(6) 

1 (0) 

0 

Community 

22 

0 

0 

0 


1 (5) 

0 

0 

Cats 

SAH 

26 

0 

0 

0 


0 

0 

0 

Community 

24 

0 

0 

0 


1 (5) 

1 (5) 

0 

SAH veterinary staff 

11 

3(27) 

NT 

NT 


NT 

NT 

NT 

Horses 

Clinical cases 

3 

1 

NT 

1 

Pleural and joint fluid 

NT 

NT 

NT 

PLEH 

67 

8(12) 

0 

2(3) 


6(9) 

3(5) 

5(8) 

Community 

40 

0 

0 

0 


12(30) 

0 

1 (3) 

PLEH Veterinary staff 

12 

0 

NT 

NT 


NT 

NT 

NT 


*SAH, small animal hospital; PLEH, Philip Leverhulme Equine Hospital; NT, not tested; MR-CNS, methicillin-resistant, coagulase-negative staphylococci. 
fSome animals were positive for >1 body site. 


isolates were resistant to ciprofloxacin but sensitive to all 
other antimicrobial drugs tested. All MRSA isolates were 
positive for the mecA and/emA genes, carried the SCCmec 
type IV cassette, and were agr operon group 1 strains but 
were negative for pvl genes. PFGE showed that the human 
and dog clinical MRSA isolates were identical to the 
human epidemic strain, EMRSA-15 (Figure). 

Of the 105 horses sampled, MRSA was isolated only 
from horses at PLEH. Of the 67 horses sampled at PLEH, 
11 were positive (16%) for carriage and 3 had MRSA- 
associated clinical infections (pleuropneumonia, chronic 
septic arthritis, and chronic dermatitis). None of the iso- 
lates submitted from 12 staff members at the equine hospi- 
tal were positive for MRSA. The horse MRSA isolates 
were resistant to gentamicin (100%), rifampicin (80%), 
ciprofloxacin (78%), fusidic acid (69%), co-trimoxazole 
(50%), and tetracycline (50%) but not to vancomycin. All 
MRSA isolates were positive for the mecA and/emA genes 
and were agr group 1, except 2 that were agr group 2, but 
all were negative for the pvl genes. Like the human and 
dog isolates, all horse MRSA isolates except 3(1 isolate 
had a variant of type II or III, and 2 isolates repeatedly 
failed to give PCR products for SCCmec cassettes), carried 
the SCCmec cassette type IV. MR-CNS was isolated from 
19% of horses at the PLEH and 30% of horses in the com- 
munity. All horse MR-CNS isolates (including those from 
PLEH) had different SCCmec cassettes than the MRSA 
isolates, and their banding patterns did not fully corre- 
spond to any of the known cassette types, giving a 209-bp 
band (types II and III) and a further band of 495 bp (type 
I). Twelve MRSA isolates from 7 horses were selected for 
PFGE based on differences in antibiogram and genes 
detected by PCR. This analysis showed 5 distinct strains. 
The same strain found in nasal samples, 1 skin sample 
from 3 horses, and 1 MRSA strain from a clinical case- 
patient were closely related to a nasal isolate from a differ- 


ent horse. None of the horse MRSA strains were related to 
EMRSA-15, EMRSA-16, or CMRSA-5 as demonstrated 
in the Figure. 

Conclusions 

This study documents MRSA transmission between 
humans and dogs; the same strain was found in 3 staff 
members and 3 dogs, all identical to the predominant 
human epidemic strain EMRSA-15. Two staff members 
and a student who treated 1 dog were positive for the same 
MRSA strain. Furthermore, MRSA was associated with 
clinical disease in 2 other dogs some months later; this 
finding could suggest a cycle of transmission between staff 

% 6 7 8 9 10 
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Figure. Dencirogrann showing the pulsed-field gel electrophoresis 
patterns after macrorestriction of genomic DNA with Sma\ of 
methicillin-resistant Staphylococcus aureus (MRSA) isolates from 
the small animal hospital (SAH) and the equine hospital. The dog 
and human isolates (SAH staff) were identical to the UK major epi- 
demic strain EMRSA-15, and the equine MRSA isolates (5 distinct 
profiles) were unrelated to EMRSA-15, EMRSA-16, or CMRSA-5. 
Profiles were analyzed with Molecular Analyst software (Applied 
Maths, Inc., Sint-Martens-Latem, Belgium) by unweighted pair 
grouping by mathematical averaging clustering method with a 2% 
tolerance window and using the Dice coefficient. 
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and animals. However, the origin of MRS A in the first dog 
is unknown and could have originated in either staff or the 
dog in question, with dog-to-human transmission or vice 
versa. This study suggests that dogs can act as reservoirs of 
MRS A, which can pose a public health risk to owners and 
veterinary staff, as well as limit the options for antimicro- 
bial drug treatment of MRS A infections. Staff in veterinary 
hospitals could have an increased risk of carrying MRSA 
because of contact with infected animals and antimicrobial 
drugs in their work environment. 

Contrary to SAH results of this study and previous 
work in Canada, no evidence was seen of MRSA transmis- 
sion between staff and horses at PLEH, nor were any iso- 
lates related to the predominant UK human epidemic 
strains or CMRSA-5. However, 5 different horse MRSA 
strains were identified with unknown sources. The fact that 
different SCCmec cassettes were found in horse MR-CNS 
isolates than in MRSA isolates does not suggest that methi- 
cillin resistance had transferred from MR-CNS to MRSA. 
Furthermore, the prevalence of MR-CNS in horses in the 
community is almost double that which was found in 
horses at PLEH. This could suggest that MR-CNS may 
compete well with methicillin-sensitive CNS in an envi- 
ronment where antimicrobial drugs are not present. These 
results imply that MRSA is present in the general horse 
population and may represent a reservoir of new or rare 
MRSA strains that could be transmitted to humans. 
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During the 2002 phocine distemper epidemic, 2,284 
seals, primarily harbor seals (Phoca vitulina), were found 
stranded along the Dutch coast. Stranding pattern varied 
with age, sex, state of decomposition, wind, and location. 
Cumulative proportion of deaths (54%) was comparable to 
that in the first reported epidemic in 1988. 

M arine mammal morbillivimses are among the most 
pathogenic infectious agents to emerge in wildlife. 
Phocine distemper virus (PDV) infection (1-3) was con- 
sidered responsible for the deaths of -18,000 seals in 
Europe in the first recorded outbreak in 1988 (4), and of 
-22,000 seals in the second outbreak in 2002 (5,6). We 
examined the effect of different variables on the dynamics 
of the 2002 PDV epidemic in the Netherlands. This epi- 
demic started 6 weeks after the first cases were noted on 
Anholt Island, Denmark (5). Subsequently, the disease 
spread east to Germany and Denmark, and west to 
Belgium, France, the United Kingdom, and Ireland (6). We 
also compared the epidemiologic characteristics of the 
1988 and 2002 PDV epidemics in the Netherlands. 

Seal strandings were reported to a central telephone 
service. Live stranded seals were rehabilitated or eutha- 
nized. Dead stranded seals were collected for necropsy 
during which species, sex, standard body length, and state 
of decomposition were determined. Seals were divided 
into age categories, based on sex and standard body length 
(7): male juveniles (age <1 yr; length <95 cm), subadults 
(1 yr < age <4 yr; 95 cm < length <140 cm), or adults (age 
>4 yr; length >140 cm); female juveniles (age <1 yr; 
length <90 cm), subadults (1 yr < age <3 yr; 90 cm < 
length <130 cm), or adults (age >3 yr; length >130 cm) 
(Table 1). Of 1,315 seals that underwent necropsy, com- 
plete data were obtained for 1 ,096 harbor seals {Phoca vit- 
ulina) (Table 1). These seals originated from the entire 
Dutch coast, except from the islands Rottumeroog and 
Rottumerplaat, where they were buried; from the island of 
Texel, where they were collected for a different study; and 


*Dutch Wildlife Health Center, Rotterdam, the Netherlands; 
fFaculty of Veterinary Medicine, Utrecht, the Netherlands; 
fErasmus Medical Center, Rotterdam, the Netherlands; and 
§Royal Veterinary and Agricultural University, Frederiksberg, 
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from the mainland coasts of North Holland and South 
Holland, where only a few seals were submitted for 
necropsy (Table 1, Figure lA). Because seals on which a 
necropsy was performed represented 56%-73% of the 
stranded seals in the remaining locations (Table 1, Figure 
lA) and had a similar-shaped epidemic curve to that of 
stranded seals (online Appendix Figure 1; available at 
http://www.cdc.gOv/ncidod/EID/volllnol2/05-0596_ 
appl.htm), they were considered representative of strand- 
ed seals. The daily wind factor was calculated by multiply- 
ing average daily wind force at Den Helder, North Holland 
(obtained from the Royal Netherlands Meteorological 
Institute [KNMI]), with its coefficient. Coefficients were 
positive for winds north of the line west- southwest-east- 
northeast, negative for winds south of this line, and ranged 
from 0, when the wind direction was parallel to this line, to 
4, when at right angles to it. To analyze the effect of spring 
tide, the number of strandings on the day of spring tide and 
the 2 subsequent days was compared to the number of 
strandings on other days. We used the test for categori- 
cal comparisons and linear trends, and Mann-Whitney U 
and Kruskal- Wallis tests for temporal scales, with pair- 
wise comparison for the variables that showed significant 
overall effect (SPSS for Windows, SPSS Inc., Chicago, IF, 
USA). For stranded seals with missing observations, age 
category, sex, and state of decomposition were imputed by 
using data on seals that underwent necropsy and had been 
stranded in the same location and on the same or closest 
weekly date. 

Between June 16, 2002, when the Dutch index case 
was found on Vlieland, and the end of November 2002, 
when the stranding rate returned to preepidemic levels, 
2,284 seals (2,154 dead, 130 live) were stranded along the 
Dutch coast (Figure IB, Table 1). Almost all (2,279 of 
2,284) were identified as harbor seals, and the remaining 
5 as gray seals (Halichoerus grypus), despite recently 
increased gray seal numbers in the Netherlands and their 
likely exposure to PDV This finding is consistent with 
experimental findings that PDV infection is more patho- 
genic for harbor seals than for gray seals (9). At gross 
necropsy, -80% of harbor seals had pulmonary consolida- 
tion consistent with PDV infection, while about 50% had 
either immunoglobulin M to morbillivirus by serology, 
morbillivirus-specific nucleic acid by reverse-transcrip- 
tion polymerase chain reaction (PCR), or both (unpub. 
data). This PCR fragment corresponded to that of PDV by 
phylogenetic analysis (5). Together these results confirm 
PDV infection as the primary cause of the epidemic. The 
rapid course of the epidemic, high cumulative proportion 
of deaths, and involvement of all age categories (Table 1) 
fit with a virgin soil epidemic and correspond with lack of 
preexisting specific immunity to PDV in most of the seals 
(5,6). 
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Table 1 . Age and sex distribution of harbor seals stranded during 2002 phocine distemper virus epidemic in the Netherlands 


Harbor seals 



Coastline 


No. that underwent 

Juvenile! 

Subadultf 


Adult! 

Stranding location 

(km)* 

No. stranded 

necropsy! 

M 

F 

M 

F 

M 

F 

Texel 

57 

281 

- 

- 

- 

- 

- 

- 

- 

Vlieland 

41 

303 

198 

25 

35 

86 

123 

11 

23 

Terschelling 

67 

338 

190 

42 

36 

92 

134 

17 

17 

Ameland 

49 

279 

156 

22 

22 

87 

96 

34 

18 

Schiermonnikoog 

29 

331 

219 

33 

31 

82 

101 

52 

32 

Rottumeroog and 
Rottumerplaat 

14 

172 

— 

— 

— 

— 

— 

— 

— 

Friesland mainland 

93 

217 

159 

8 

21 

57 

66 

27 

38 

Groningen mainland 

80 

194 

138 

18 

34 

28 

50 

24 

40 

North Holland 

124 

97 

- 

- 

- 

- 

- 

- 

- 

South Holland 

36 

18 

- 

- 

- 

- 

- 

- 

- 

Zealand 

116 

51 

36 







Total 

706 

2,284 

1,096 

148 

179 

432 

570 

165 

168 


*Source: ref. (8). 

fThese are harbor seals for which complete data were obtained. Seals from Texel, Rottumeroog and Rottumerplaat, North Holland, and South Holland 
were excluded because of the small proportions that underwent necropsy. 

JAge category and sex for stranded seals with missing observations were imputed by using those of seals that were stranded in the same location and on 
the same or closest weekly date. 


Age and sex affected temporal distribution of strand- 
ings. The median stranding date varied significantly 
among age categories (p<0.001). The date was significant- 
ly earlier for subadults than for juveniles and adults 
(p<0.05; Figure IB). Subadults display considerably more 
social play than seals in other age categories, especially in 
early sunnner (10). In contrast, juveniles and their mothers 
are relatively more separated from other seals during the 
lactation period, are more sedentary, and have fewer new 
contacts (11,12). The median stranding date for males was 
significantly earlier than that for females in juveniles 
(p<0.001), subadults (p<0.001), and adults (p<0.001) 


(online Appendix Figure 2; available at http://www. 
cdc.gov/ncidod/EID/voll Inol2/05-0596_app2.htm). The 
average change in the number of individually identified 
seals hauled out between consecutive days is significantly 
higher for males than for females (12), and both subadult 
and adult males have the longest and most aggressive 
interactions with each other (13). These behavioral differ- 
ences suggest that contact rates and intensity of contact 
with other seals, including seals with PDV infection, were 
higher for subadults at the start of the epidemic than for 
juveniles and adults, and higher for males than females, 
thus increasing the risk and severity of infection. 
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Figure 1 . Spatial and temporal distribution of seal strandings in the Netherlands 
during the 2002 phocine distemper virus epidemic. A) Spatial distribution of 
seal strandings and proportion of seals necropsied at each location. The diam- 
eter of each pie chart corresponds to the number of seals stranded at a partic- 
ular location. The names of the Wadden Sea islands have been abbreviated 
(Tx, Texel; V, Vlieland; Ts, Terschelling; A, Ameland; S, Schiermonnikoog; R, 
Rottumeroog and Rottumerplaat). B) Weekly stranding rate of all stranded har- 
bor seals and effect of age category on weekly stranding rate. 
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Alternatively, the above patterns may be linked to age- 
related and sex-related differences in the effects of 
contaminants. The contaminant levels in the tissues of 
seals that died in the 1988 PDV epidemic were considered 
sufficiently high to cause immunosuppression and thus to 
increase the severity of the PDV outbreak (14). Pollutant 
levels in tissues of seals that died during the 2002 PDV 
epidemic have yet to be reported. 

Age affected geographic distribution of strandings. The 
proportion of stranded seals of each age category varied 
significantly among Wadden Sea locations (p<0.001). The 
highest proportions of juveniles and adults stranded at 
mainland Groningen (Table 1), which includes 
Eemsmond, a core breeding area. The highest proportion 
of subadults stranded on Vlieland (Table 1) in the western 
part of the Dutch Wadden Sea, an area assumed to have an 
influx of migrating young seals (15). The number of seals 
stranded per kilometer of coastline varied significantly 
among locations for juveniles (p<0.001), subadults 
(p<0.001), and adults (p<0.001), with 2.2 to 3.1 more seals 
stranded per kilometer of coastline on Schiermonnikooog, 
an island in the eastern part of the Dutch Wadden Sea, than 
would be expected had the seals been evenly distributed 
per km coast (Table 1). This coincides with the summer 
distribution of harbor seals in the Dutch Wadden Sea, 
which is highly skewed toward the east (15,16). Within 
each age category, the proportion of males to females var- 
ied significantly among locations only for adults 
(p<0.001). Ameland had the highest proportion of adult 
males, and Vlieland the lowest (Table 1). 

Location affected the temporal distribution of strand- 
ings. The median stranding date varied significantly 
among locations (p<0.001); that for Zealand (week 39) 
was significantly later than that for all Wadden Sea loca- 
tions (weeks 35-37) (online Appendix Figure 3; available 
at http://www.cdc.gov/ncidod/EID/voll lnol2/05-0596_ 
app3.htm). This is likely because seals in Zealand are 
fewer and more widely dispersed than in the Wadden Sea, 
so the chance of the virus spreading is lower. 

Wind appeared to have a confounding effect on strand- 
ing rate: periods of southerly wind corresponded with 
decreased overall stranding rates, e.g., in weeks 33 and 36, 
and the opposite for northerly winds (Figure 2A). This is 
probably because dead seals floated in the top water layer, 
which shows parallel drift to surface winds. A similar 
effect of wind on strandings has been shown for seabirds 
(17). Spring tide did not affect stranding rate (p>0.05). 

State of decomposition (as a measure of length of time 
between death of a seal and its detection) also had a con- 
founding effect on stranding rate. From July to October, 
the overall proportion of decomposed seals differed signif- 
icantly among months (p<0.001) and increased significant- 
ly with time (p<0.001) (Figure 2B). This finding is 



50 


>1 


^50 



Figure 2. Effects of environmental variables on seal strandings in 
the Netherlands during the 2002 phocine distemper virus epidem- 
ic. A) Effect of wind direction and force on temporal distribution of 
stranded seals. Stranding rate of seals is expressed as number of 
seals reported per day. The wind factor is a function of wind force 
and wind direction. Negative wind factors correspond to southerly 
winds. B) Effect of state of decomposition on temporal distribution 
of stranded harbor seals, overall and per location. Percentages of 
decomposed seals are expressed per month. 


probably because recovery of seal carcasses was not 100% 
so that, as the epidemic progressed, a higher proportion of 
stranded carcasses consisted of seals that had died before 
the previous shore survey. These findings show that over 
time stranding rate became a less accurate estimate of mor- 
tality rate, as observed in 1988 (18). The proportion of 
decomposed carcasses varied significantly by location 
(p<0.001), with high proportions of decomposed carcasses 
on the mainland coasts of Friesland and Groningen and on 
Schiermonnikoog (online Appendix Figure 4; available at 
http://www.cdc.gOv/ncidod/EID/volllnol2/05-0596_ 
app4.htm). 

The timing of deaths and cumulative proportion of 
deaths of the 2002 PDV epidemic were similar to those 
characteristics in 1988 (Table 2). A difference, however, 
was that the index case was detected ~1 month later in 
2002 than in 1988. The similarity between estimated 
cumulative proportion of deaths in 1988 (53% of the 
population) and 2002 (54%) suggests that the pathogenic- 
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Table 2. Comparison of overall characteristics of the 1988 and 
2002 phocine distemper virus epidemics, the Netherlands 


Variable 

1988 

2002 

Date index case 

May 22* 

Jun 16 

Date median case 

Sep 4* 

Sep 2 

Central epoch (d) 

115* 

93 

No. found stranded 

41 7* 

2,284 

No. counted in preepidemic year 

9661 

3,595t 

No. counted in postepidemic year 

5351 

2,365t 

Average annual population growth in 
preepidemic years (%) 

8§ 

1911 

Estimated cumulative proportion of 
deaths (%)# 

53 

54 


*Source: ref. (4). 

fSource: Report “Compilatie van gegevens over zeehonden en 
zeehondenopvang in de Nederlandse Waddenzee” (available at 
http://www.waddenzee.nl/fileadmin/content/Dossiers/Natuur_en_Landscha 
p/pdf/zeehondenplatform_compilatierapport.pdf) 

JSource: Wadden Sea Newsletters 2001-3 and 2003-2 (available at 
http://www.waddensea-secretariat.org). 

§Source: ref. (19). 

IjSource: ref. (15). 

#Calculated as follows: [(number of live seals counted in preepidemic year 
+ average annual growth in preepidemic years) - (number of live seals 
counted in postepidemic year - average annual growth in preepidemic 
years)]/(n umber of live seals counted in preepidemic year + average 
annual population growth in preepidemic years). 

ity of PDV for the harbor seal population has not changed 
noticeably. However, more detailed examination of the 
genetic composition of both the virus and the harbor seal is 
needed to exclude changes in the host-pathogen relation- 
ship. 
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Surveillance for Nipah virus (NV) was conducted in 
Thailand’s bat population. Immunoglobulin G antibodies to 
NV were detected with enzyme immunoassay in 82 of 
1,304 bats. NV RNA was found in bat saliva and urine. 
These data suggest the persistence of NV infection in Thai 
bats. 


N ipah vims (NV) caused a major outbreak in swine and 
humans in Malaysia from September 1998 to April 
1999 that led to 265 human cases with 105 deaths and the 
culling of >1 million swine (1). The genesis of the out- 
break was suggested to be associated with bats (2,3). NV 
and Hendra virus (HV) are members of the 
Paramyxoviridae family in the genus Henipavirus (4). A 
seroepidemiologic study in Malaysia implicated 4 fruit bat 
species, Pteropus hypomelanus, P vampyrus, Cynopterus 
brachyotis, Eonycteris spelaea, and an insectivorous bat, 
Scotophilus kuhlii (2). NV was also identified and isolated 
from bat urine samples of P. hypomelanus (5). Unlike 
NV’s first appearance in Malaysia, in outbreaks in 
Bangladesh, infection may have been contracted by eating 
fmits contaminated with bat saliva, and transmitted from 
person to person (6). Antibodies to NV antigen were 
detected in 2 P. giganteus adult females from Bangladesh 
(6). Recently, antibodies to NV and virus isolation were 
successfully demonstrated in P. lylei from Cambodia (7). 

Thailand is bordered by Malaysia to the south and 
Cambodia to the southeast. No NV infections in humans 
have been reported in Thailand. Surveillance in swine by 
enzyme-linked immunosorbent assay (ELISA) showed 
negative results (8). Estimates suggest ~112 bat species in 
Thailand; 18 are fruit bats and 94 are insectivorous bats 
(9). Given that NV has caused several outbreaks in the 
region, obtaining baseline data for surveillance and plan- 
ning for future public health assessment of its impact are 
essential. 
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The Study 

Erom March 2002 to Eebruary 2004, a total of 17 trips 
were made to 15 sites in 9 provinces in central, eastern, 
and southern Thailand (Eigure). Bats were caught and 
blood samples were collected as previously described (10). 
Of 12 bat species collected, 6 were frugivorous and 6 were 
insectivorous (Eigure). Seventy-one percent (932) of 1,304 
samples were from Pteropus bats and 66% (857) were 
from P. lylei. Saliva and urine were obtained by swabbing 
and stored in tubes with 1 .0 mL of NucliSens lysis buffer 
containing guanidine thiocyanate (bioMerieux, Boxtel, the 
Netherlands) for transporting. Liquid from ~10 individual 
samples from the same species, colony, and time of capture 
was saved into the same pool. A total of 142 pools each 
were collected from 1,286 saliva and 1,282 urine speci- 
mens. The pooled specimens were frozen at -70°C until 
analysis. 



Figure. Locations in Thailand where bats have been captured. 1 = 
Chon Buri, 2 = Sing Buri, 3 = Ayutthaya, 4 = Cha Choeng Sao, 5 
= Ra Yong, 6 = Pra Chin Buri, 7 = Ratcha Buri, 8 = Surat Thani, 9 
= Bangkok. Species analyzed: Cs = Cynopterus sphinx, 
Err\=Emballonura monticola, Es = Eonycteris speiaea, Ha = 
Hipposideros armiger, HI = Hipposideros iarvatus, Ms = 
Megaderma spasma, Ph = Pteropus hypomeianus, P\ = R iyiei, Pv 
= R vampyrus, Rs = Rousettus ieschenauiti, Sh = Scotophiius 
heathi, Tp = Tadarida piicata. 
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Immunoglobulin G (IgG) antibodies to NV were 
assayed by indirect ELISA at Chulalongkorn University 
Hospital, with a protocol developed by the Centers for 
Disease Control and Prevention (CDC), Atlanta, Georgia. 
Serum samples were heated to 56°C and titrated at 4 dilu- 
tions (1:100, 1:400, 1:1,600, and 1:6,400). Of the 1,054 
serum specimens tested, 82 (7.8%) from 4 species — P. 
hypomelanus (n = 4), P. lylei, (n = 76), P. vampyrus (n = 1), 
and Hipposideros larvatus (n = 1) — were NV IgG anti- 
body-positive (titer >1:400) with 43 at a titer of 1:400; 30 
at 1:1,600, and 9 at 1:6,400. P lylei contained higher serum 
antibody titers than other species (9 of 76 at 1:6,400, 29 of 
76 at 1:1,600) (Table). 

Total RNA was extracted from saliva and urine accord- 
ing to manufacturer’s protocol. A RNA plasmid was intro- 
duced as an internal control RNA in the duplex reverse 
transcription-polymerase chain reaction (RT-PCR) as pre- 
viously described (11). NV nucleoprotein (N)-specific 
primers used for reverse transcription and first-round PCR 
were: NPIF, 5' CTT GAG CCT ATG TAT TTC AGA C 3'; 
NPIR, 5' GCT TTT GCA GCC AGT CTT G 3'. The inter- 
nal primers for nested PCR were previously described (1). 
This process allowed an internal control to be visualized as 
the upper (323 bp) bands and NV product as lower bands 
(227 bp). Single-step RT-PCR was performed by using the 
One Step RT-PCR kit (Qiagen Inc., Valencia, CA, USA) 
followed by nested PCR. The PCR product was sized by 
gel electrophoresis in 2% agarose. Only samples showing 
both the 323-bp internal control and 227-bp NV- specific 
bands, or only a NV- specific band, were considered posi- 
tive; those showing only the internal control band were 
considered negative. Those showing no band were tested 
again and judged to contain enzyme inhibitors if no band 


was shown on repetition. All samples with positive results 
were tested again without the positive control, and the 
sequence of amplified product was determined by using 
internal primer. 

The sensitivity of the duplex system is not notably 
altered by incorporation of the internal control RNA (data 
not shown). Samples from a saliva pool of H. larvatus, 
from site 1 in Chon Buri Province and another pool of P. 
lylei from site 3 in Chon Buri Province were duplex nRT- 
PCR positive. All 6 positive duplex nRT-PCR urine pools 
were collected from P. lylei captured from 3 different sites, 
1 from Cha Choeng Sao, 1 from Bangkok, and 4 from site 
3 in Chon Buri. The 181-nucleotide (nt) sequences of the 
N gene obtained from 1 saliva pool of H. larvatus was 
identical to those reported from Malaysia (accession no. 
NC_002728). The sequences of 1 saliva pool from P. lylei 
and 6 urine pools from P. lylei were identical to those 
reported from Bangladesh (AY988601) with 13 divergent 
nt (92% identity) from Malaysia. The nucleotide changes 
at positions 1397, 1407, and 1481 resulted in amino acid 
substitutions (with 94% identity to Malaysia, 56 of 59) 
from isoleucine to valine, glycine to glutamic acid, and 
asparagine to aspartic acid at codons 429, 432, and 457 of 
N protein, respectively. Nine divergent nucleotides among 
Thai, Bangladesh, and Cambodia (AY858110) did not 
result in amino acid differences. 

Conclusions 

This study reports the evidence of NV infection in Thai 
frugivorous and insectivorous bats demonstrated by IgG 
antibodies to NV in serum samples and NV RNA in urine 
and saliva. Antibodies against NV were detected in P. 
hypomelanus, P vampyrus, P lylei, and H. larvatus. NV 


Table. ELISA, PCR saliva, and PCR urine results for Nipah virus from 12 bat species, Thailand, 2002-2004* 

ELISA PCR salivaf PCR urinef 

No. positive No. pool No. pool 


Species 

Total bats 

No. analyzed 

(%)t 

No. analyzed 

positive/total 

No. analyzed 

positive/total 

Frugivorous 

Cynopterus sphinx 

34 

10 

0 

34 

0/5 

34 

0/5 

Eonycteris spelaea 

64 

54 

0 

64 

0/7 

64 

0/7 

Pteropus hypomelanus 

36 

26 

4(15.4) 

36 

0/6 

35 

0/6 

P. lylei 

857 

813 

76 (9.3) 

845 

1/87 

845 

6/87 

P. vampyrus 

39 

39 

1 (2.6) 

39 

0/4 

39 

0/4 

Rousettus leschenaultl 

11 

4 

0 

6 

0/3 

6 

0/3 

Insectivorous 

Emballonura monticola 

14 

12 

0 

14 

0/2 

14 

0/2 

Hipposideros armiger 

88 

6 

0 

88 

0/10 

88 

0/10 

H. larvatus 

95 

74 

1 (1.3) 

94 

1/10 

91 

0/10 

Megaderma spasma 

13 

0 

0 

13 

0/2 

13 

0/2 

Scotophilus heath! 

3 

3 

0 

3 

0/1 

3 

0/1 

Tadarida plicata 

50 

13 

0 

50 

0/5 

50 

0/5 

Total 

1,304 

1,054 

82 (7.8) 

1,286 

2/1 42 

1,282 

6/1 42 


*ELISA, enzyme-linked immunosorbent assay; PCR, polymerase chain reaction. 
fELISA positive: titer >1 :400. 

J10 individual samples (saliva or urine) from the same species, colony, and the time of capture were saved into the same pool. 
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infections in the first 2 species were similar to those report- 
ed in Malaysia (2). P. lylei was the only bat species found 
NV-infected among 14 species tested in Cambodia (7). An 
earlier report demonstrated a correlation between ELISA 
and neutralization tests with 87% sensitivity and 99% 
specificity (7). These data support our ELISA results as a 
firstline screening tool to investigate NV infection in coun- 
tries that do not have a BSL-4 facility in which to perform 
neutralization assays. The finding of unusually high anti- 
body titers from P. lylei suggests that NV circulates main- 
ly in this bat species in Thailand and Cambodia (7). 

Although serum neutralization tests were not conduct- 
ed, NV RNA was demonstrated in saliva and urine from P. 
lylei and saliva of H. larvatus. Determining PCR positivi- 
ty by naked eye observations for the presence of a 227-bp 
fragment is not likely the most sensitive method (our 
detection limit is 0.37 pg total RNA/p.L); therefore, some 
low-positive samples might be missed. Increasing the vol- 
ume of sample tested by using a plastic sheet method in 
urine collection may overcome such problems (12). 

Southern blot analysis is also useful for PCR confirma- 
tion; however, sensitivity may not be markedly improved as 
previously reported in the case of rabies (13). We used a 
nested PCR method because less RNA was required initial- 
ly and because of a shorter turnaround time. Confirmation 
was achieved by direct sequencing of amplified products. 
Taken together, our current ELISA and PCR data are suffi- 
cient to conclude that Thai bats were naturally infected with 
NV. Higher numbers of PCR-positive samples in P. lylei 
may be due to a bias in species collection. Alternatively, in 
the serologic study, P. lylei may be the most prevalent 
infected species. Sequence analysis of the short 181-nt 
sequence suggests that >2 strains of NV are circulating in 
Thai bats. More sequence data are required to confirm this 
hypothesis. Einding NV RNA in saliva of H. larvatus, may 
indicate the insectivorous bat as another reservoir or this 
may be only an accidental spillage. 

We believe that NV infection is prevalent in Thai fruit 
bats as previously reported in Malaysia and Cambodia 
(2,7). Countrywide surveillance is needed to clarify the 
epidemiology of NV infection in Thailand as it relates to 
host, seasonal, and geographic attributes. 

Acknowledgments 

We thank our colleagues at Chulalongkorn University, the 
Thai Red Cross Society, the Ministry of Natural Resources and 
Environment, and the Special Pathogens Branch and Viral and 
Rickettsial Zoonoses Branch of CDC for their input and expert- 
ise. We also thank Chantanee Buranathai and Kaw Bing Chua for 
critical comments. 

This research was approved by the Ministry of Natural 
Resources and Environment and supported in part by a grant 


from Thailand Research Fund and Department of Livestock, 
Ministry of Agriculture and Cooperatives. S.W., B.L., and T.H. 
received funding support from the National Center for Genetic 
Engineering and Biotechnology, National Science and 
Technology Development, Thailand. 

Ms Wacharapluesadee is head of the Molecular Biology 
Laboratory for Neurological Diseases, Chulalongkorn University 
Hospital. Her areas of interest are the diagnosis, pathogenesis, 
and pathophysiology of viral encephalitis. 

References 

1. Chua KB, Bellini WJ, Rota PA, Harcourt BH, Tamin A, Lam SK, et 
al. Nipah virus: a recently emergent deadly paramyxovirus. Science. 
2000;288:1432-5. 

2. Yob JM, Field H, Rashdi AM, Morrissy C, van der Heide B, Rota P, 
et al. Nipah virus infection in bats (order Chiroptera) in peninsular 
Malaysia. Emerg Infect Dis. 2001;7:439-41. 

3. AbuBakar S, Chang LY, Ali AR, Sharifah SH, Yusoff K, Zamrod Z. 
Isolation and molecular identification of Nipah virus from pigs. 
Emerg Infect Dis. 2004;10:2228-30. 

4. Wang LF, Yu M, Hansson E, Pritchard LI, Shiell B, Michalaki WP, et 
al. The exceptionally large genome of Hendra virus: support for cre- 
ation of a new genus within the family Paramyxoviridae . J Virol. 
2000;74:9972-9. 

5. Chua KB, Koh CL, Hooi PS, Wee KF, Khong JH, Chua BH, et al. 
Isolation of Nipah virus from Malaysian Island flying-foxes. 
Microbes Infect. 2002;4:145-51. 

6. Hsu VP, Hossain MJ, Parashar UD, Ali MM, Ksiazek TG, Kuzmin I, 
et al. Nipah virus encephalitis reemergence, Bangladesh. Emerg 
Infect Dis. 2004;10:2082-7. 

7. Reynes J-M, Counor D, Ong S, Faure C, Seng V, Molia S, et al. Nipah 
virus in Lyle’s flying foxes, Cambodia. Emerg Infect Dis. 
2005;11:1042-7. 

8. Damrongwatanapokin S. Situation and surveillance of Nipah virus 
infection of pigs in Thailand. In: Proceedings of the challenge of 
infectious diseases in the 21st century. Chiangmai, Thailand; 2005 
Jun 15-17. Bangkok, Thailand: Bureau of General Communicable 
Diseases, Department of Disease Control; 2005. p. 172-87. 

9. Boonkird K, Wanghongsa S. Diversity of bats in Thailand. In: 
Compilation of 2003 research, progressive reports and essays on 
wildlife ecology. Bangkok, Thailand: Wildlife Research Division, 
Department of National Park, Wildlife and Plant Conservation; 2004. 
p. 183-96. 

10. Lumlertdaecha B, Boongird K, Wanghongsa S, Wacharapluesadee S, 
Chanhome L, Khawplod P, et al. Survey for bat lyssaviruses, 
Thailand. Emerg Infect Dis. 2005;11:232-6. 

11. Echevarria JE, Avellon A, Juste J, Vera M, Ibanez C. Screening of 
active lyssavirus infection in wild bat populations by viral RNA 
detection on oropharyngeal swabs. J Clin Microbiol. 
2001;39:3678-83. 

12. Chua KB. A novel approach for collecting samples from fruit bats for 
isolation of infectious agents. Microbes Infect. 2003;5:487-90. 

13. Smith J, McElhinney LM, Heaton PR, Black EM, Lo wings JP. 
Assessment of template quality by the incorporation of an internal 
control into a RT-PCR for the detection of rabies and rabies-related 
viruses. J Virol Methods. 2000;84:107-15. 


Address for correspondence: Supaporn Wacharapluesadee, Molecular 
Biology Laboratory for Neurological Diseases, Department of Medicine, 
Chulalongkorn University Hospital, Rama 4 Rd, Bangkok 10330, 
Thailand; fax: 662-6523122; email: spwa02@yahoo.com 


Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 11, No. 12, December 2005 


1951 


DISPATCHES 


Cat-transmitted 
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Sporotrichosis is an emerging zoonosis in Rio de 
Janeiro, Brazil. From 1998 to 2003, 497 humans and 1,056 
cats with culture-proven sporotrichosis were studied. A total 
of 421 patients, 67.4% with a history of a scratch or bite, 
reported contact with cats that had sporotrichosis. 

S porotrichosis is caused by Sporothrix schenckii, a 
dimorphic fungus widely found in nature (1). Davies 
and Troy (2) reviewed 48 cases of feline sporotrichosis 
published over a period of 40 years. Little is known about 
feline sporotrichosis or the role of cats as a source of infec- 
tion because reports are scarce. Human sporotrichosis has 
been related sporadically to scratches or bites by animals 
(3). 

Since the 1980s, the role of felines in transmission of the 
mycosis to humans has gained attention among animal 
owners, veterinarians, and caretakers (2). Epidemics 
involving a large number of persons or wide geographic 
areas are rare and have been related to an environmental 
source of infection (4,5). No epizootics have been reported. 

From 1987 to 1997, before the current emergence of 
sporotrichosis in Brazil, only 13 cases of human sporotri- 
chosis had been recorded at the Evandro Chagas Clinical 
Research Institute (IPEC) in Rio de Janeiro (6). In 1998, 
the first year of the current outbreak, 9 patients with 
human sporotrichosis were observed, 3 of whom reported 
scratches by cats with cutaneous lesions (7). Since then, 
cats with clinically suspected sporotrichosis or human 
cases of this disease have been studied systematically. 

The Study 

The study protocol was reviewed and approved by the 
research ethics committee and the institutional review 
board of the Center for Biological Evaluation and Care of 
Research Animals of the Oswaldo Cruz Foundation. The 
patient inclusion criterion for humans and cats in this study 
was isolation of S. schenckii in culture. All human patients 
were treated at the outpatient clinic of IPEC, and the ani- 
mals were seen at the veterinary outpatient clinic of IPEC. 


*Evandro Chagas Clinical Research Institute, Rio de Janeiro, 
Brazil 


From 1998 to 2001, 178 human (8) and 347 feline (9) 
cases of sporotrichosis were reported to IPEC. 
Additionally, 101 apparently healthy cats that lived with 
other cats with sporotrichosis were identified and followed 
up for 1 year. All data were collected by review of medical 
charts and recorded on a standardized form. 

Most human cases treated at IPEC came from outlying 
neighborhoods of greater metropolitan Rio de Janeiro, an 
area with low socioeconomic conditions. Of 178 patients, 
156 reported home or professional contact with cats with 
sporotrichosis, and 97 reported a history of cat scratch or 
bite. The patients had an age range of 5 to 89 years (medi- 
an 39). One hundred twenty-two (68%) were women. 
Housewives (30%) and students (18%) were the 2 most fre- 
quently affected groups; 5% of patients were veterinarians. 

Fifty-two (28.6%) of the 170 patients showed a positive 
result on a leishmanin skin test. Of these patients, 38 came 
from areas with active transmission of American tegumen- 
tary leishmaniasis (ATE) (10). 

We evaluated 148 cats with sporotrichosis for the pres- 
ence of S. schenckii. The fungus was isolated from all cuta- 
neous lesions, 47% (n = 71) of nasal cavity swabs, 33% (n 
= 79) of oral cavity swabs, and 15% (n = 38) of nail frag- 
ment pools (11). S. schenckii was isolated from the oral 
and or nasal cavities of 10 of 101 apparently healthy cats 
that lived with other cats with sporotrichosis. 

Coinfection with feline immunodeficiency virus (FIV) 
or feline leukemia virus (FeLV) was demonstrated in 
21.8% of 142 tested cats with sporotrichosis. Antibodies 
against FIV were detected in 28 cats, FeLV antigen in 2 
cats, and both FIV and FeLV in 1 cat (9). 

A broad spectrum of clinical signs and symptoms was 
observed in 347 cats with sporotrichosis, ranging from 
subclinical infection and a single cutaneous lesion with 
spontaneous regression to fatal systemic forms. The cuta- 
neous-lymphatic form was observed in only 19.3% of the 
cats, while mucosal involvement of the upper respiratory 
and digestive tracts was observed in 34.9% and multiple 
cutaneous lesions in 39.5% (9). 

We reviewed published data on an ongoing epidemic of 
zoonotic sporotrichosis in Rio de Janeiro, Brazil. In the 
first year of this outbreak, 9 cases of human disease and 1 
case of animal disease were diagnosed at IPEC. The inci- 
dence of sporotrichosis increased so much that by 
December 2003 a total of 497 humans and 1,056 cats with 
culture-proven sporotrichosis had been recorded (IPEC, 
unpub. data) (Figures 1 and 2). A total of 421 patients 
reported contact with cats that had sporotrichosis; 284 of 
these patients had a history of a scratch or bite. This find- 
ing represents the largest epidemic of this mycosis as a 
zoonosis. Isolation of the fungus from the nails and oral 
cavity of cats suggests that transmission can occur through 
a scratch or bite. In addition, infection may be transmitted 
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Figure 1. Map of Brazil and the state of Rio de Janeiro showing 
municipalities (shaded areas) where human and feline cases of 
sporotrichosis were diagnosed from 1998 to 2003. 


through secretions because fungus was isolated from nasal 
fossae and cutaneous lesions and yeastlike elements were 
visualized in histologic sections of cutaneous biopsy spec- 
imens (3,9,12). The large proportion of housewives among 
the human patients suggests that this group is the most 
heavily exposed to the fungus because they care for cats. 
Molecular typing of S. schenckii strains isolated from 
humans and animals reinforces this hypothesis (13). 

Conclusions 

The primary differential diagnosis for sporotrichosis 
was cutaneous leishmaniasis, especially in cases from 
areas endemic for ATL. In these cases, a diagnosis based 
only on clinical findings and positive leishmanin skin test 
result could lead to incorrect treatment and unnecessary 
control measures (10). In addition to cutaneous infection 
as a transmission route, the current epidemic also appears 
to have a strong respiratory component because the fre- 
quency of respiratory signs and pulmonary and nasal 



Figure 2. Number of human and feline cases of sporotrichosis 
diagnosed at the Institute de Pesquisa Clinica Evandro Chagas, 
Rio de Janeiro, Brazil, 1998-2003. 


mucosal lesions was high and because S. schenckii was 
isolated from nasal swabs collected in vivo and from the 
lungs of autopsied cats (9,11,12). 

Some investigators believe that the severity of feline 
sporotrichosis is related to immunosuppression caused by 
coinfection with FIV or FeLV (2). However, no association 
with FIV/FeLV-related innnunodeficiency was observed 
( 12 ). 

The present series consisted mainly of cats with chron- 
ic cutaneous lesions whose owners sought specialized care 
at a reference center. In transmission areas, many cases of 
subclinical infection and spontaneous cure may have gone 
undetected. Since reporting sporotrichosis cases is not 
mandatory, assessing its occurrence and distribution is dif- 
ficult, and the incidence may have been underestimated. 
The absence of a feline sporotrichosis control program and 
various feline behavior factors (e.g., frequent cat fights in 
the neighborhoods) may have contributed to the spread of 
the mycosis. 

For public health purposes and to control the current 
epidemic, an effective and viable therapeutic regimen for 
cats is necessary. In addition, public awareness programs 
on sporotrichosis prophylaxis are required. These will 
encourage responsible ownership, neutering, cremation of 
dead cats, confinement of cats inside the home, limiting 
the number of cats per household, regular cleaning of 
dwellings, proper health care for the animals, and general 
public health measures such as basic sanitation, regular 
garbage collection, and cleaning of empty lots. 
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Eptesicus fuscus 

[epTes-9-k^s fos-kss] 

The big brown bat. From the Greek epten, "I 
fly," plus oikos, "house," and the Latin 
fuscus, "dusk." A nocturnal, insectivorous 
bat, Eptesicus fuscus females separate after 
mating into maternity colonies that are 
frequently found in attics of buildings or 
other manmade locations, since they prefer 
warmer temperatures in which to raise their 
young. 

Figure. Photograph courtesy of Ivan Kuzmin. 
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Hemolytic Uremic 
Syndrome Risk and 
Escherichia coli 
0157:H7 
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We reviewed medical records of 238 hospitalized 
patients with Escherichia coii 0157:H7 diarrhea to identify 
risk factors for progression to diarrhea-associated hemoly- 
tic uremic syndrome (HUS). Data indicated that young age, 
long duration of diarrhea, elevated leukocyte count, and 
proteinuria were associated with HUS. 

I n the United States, Escherichia coli 0157:H7 causes 
-73,000 infections and 60 deaths annually (1). Infection 
progresses to hemolytic uremic syndrome (HUS) in 2% to 
15% of cases (2). In studies of E. coli 0157:H7 outbreaks, 
female sex, young age, elevated leukocyte count, antimi- 
crobial drug use, vomiting, and fever have been reported as 
risk factors for HUS (3-11). Previously, a possible associ- 
ation between HUS and female sex, young age, and pro- 
longed duration of diarrhea was shown in a study that 
evaluated the New York state surveillance system for post- 
diarrheal HUS (12). This report extends that study to 
investigate hospitalized patients with E. coli 0157:H7 
infection to assess potential risk factors for progression of 
infection to HUS by using a case-control study. 

The Study 

Medical charts of all persons who were hospitalized 
and reported with confirmed cases of E. coli 0157:H7 to 
the New York State Department of Health’s 
Communicable Disease Surveillance System (CDSS) in 
1998 and 1999 were reviewed according to a standardized 
survey form. A HUS case was defined as occurring in a 
patient with acute diarrhea who was hospitalized with E. 
coli 0157:H7 infection and in whom confirmed or proba- 
ble postdiarrheal HUS developed. A confirmed HUS case 
was defined as occurring in a patient with a clear history of 
acute diarrhea who showed the following signs: hemolytic 
anemia with microangiopathic changes, renal insufficiency 
(creatinine level >1.0 mg/dL in a child <13 years of age or 
>1.5 mg/dL in an adult, or >50% increase over baseline), 
and thrombocytopenia (platelet count <150,000/p.L). A 
probable HUS case was defined as occurring in a patient 


*University at Albany Albany New York, USA; and fNew York 
State Department of Health, Albany, New York, USA 


with acute diarrhea with all the above signs except 
microangiopathic changes in the blood smear. Controls 
were hospitalized patients with E. coli 0157:H7 infection 
without HUS. Demographic, clinical, and laboratory char- 
acteristics were abstracted from medical charts. Statistical 
analysis was performed by using SAS software (SAS 
Institute, Cary, NC, USA). A multiple logistic regression 
analysis was performed to identify factors associated with 
development of HUS. 

In 1998 and 1999, the CDSS received reports of 1,170 
cases of E. coli 0157: H7 infection. Of these, 255 patients 
(21%) were hospitalized and 238 (93%) had medical charts 
available for review. Thirty-six (15%) patients were con- 
firmed (n = 29) or probable (n = 7) HUS case-patients, and 
202 E. coli 0157:H7-infected patients without HUS were 
identified as controls. The risk of HUS was highest among 
children <5 years of age, compared with patients >65 years 
(odds ratio [OR] 4.9, 95% confidence interval [Cl] 

2.2- 11.8). Sixty-nine percent of HUS patients were female 
compared with 61% of controls (OR 1.5, 95% Cl 0.8-3.4). 
The hospital stay was significantly longer for HUS patients 
than controls (median hospital stay 13 vs. 3 days). Five 
HUS patients (14%) died, including 2 children <5 years of 
age, compared with 2 controls (1%). 

Forty percent of all patients had vomiting, and 85% had 
bloody stool. These factors were not significantly different 
between patients and controls. Eleven (31%) case-patients 
and 78 (38%) controls were treated with antimicrobial 
drugs (not significant). Antimicrobial treatment was 
reported in 11 patients before the diagnosis of HUS: 6 
received antimicrobial drugs primarily for other conditions 
(e.g., urinary tract infection, otitis media, venous line sep- 
sis), 1 had treatment stopped once E. coli 0157:H7 was 
diagnosed, and we could not tell whether drug regimens 
were completed or discontinued in 4 patients. HUS 
patients were more likely than non-HUS controls to have 
fever (OR 3.2, 95% Cl 1.6-6. 5). The duration of diarrhea 
before hospitalization was significantly longer for HUS 
patients than for non-HUS controls (median 4 vs. 2 days). 

Proteinuria and hematuria were observed significantly 
more often among the case-patients. Twenty-three (64%) 
patients had proteinuria at admission, whereas 37 (18%) 
controls were admitted with proteinuria (OR 7.8, 95% Cl 
3.6-17). Hematuria at admission was reported in 23 (64%) 
patients and 57 (28%) controls (OR 4.5, 95% Cl 2. 1-9.4). 
Twenty-nine (81%) HUS patients vs. 90 (44%) controls 
had leukocyte counts >13,000/p.L (OR 5.2, 95% Cl 

2.2- 12.3) at admission (Table 1). Factors associated with 
HUS in univariate analysis (age <5 years, outbreak case, 
fever, hematuria, proteinuria, leukocytosis at admission, 
and duration of diarrhea before hospitalization >3 days) 
were included in the multivariate analysis. The following 
variables were associated with HUS development in the 
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multivariate analysis: proteinuria (OR 6.7, 95% Cl 
1.9-24.1), duration of diarrhea before hospitalization >3 
days (OR 6.2, 95% Cl 2.2-17.4), age <5 years (OR 5.9, 
95% Cl 1.9-17.6), and leukocyte count >13,000/mL (OR 
4.4, 95% Cl 1.6-12.6). Factors such as outbreak involve- 
ment, hematuria and fever were not associated with HUS 
development (Table 2). 

Conclusions 

This study provides additional information on potential 
risk factors for progression of E. coli 0157:H7 infection to 
HUS, but unlike other studies, this study used hospitalized 


rather than outpatient controls. Our data confirmed previ- 
ous differences in risk for HUS development by age group 
(3-5). Women and girls have been reported to be at 
increased risk for HUS development in several studies 
(10,11), but our study showed no significant increased risk. 
Several studies have suggested that administration of 
antimicrobial agents increases risk for HUS development 
(5,6,9,13), but no significant relationship was observed 
between HUS and the use of antimicrobial drugs in our 
sample. 

Although reports (5,7) have demonstrated a higher inci- 
dence of HUS among patients with bloody diarrhea, fever. 


Table 1 . Characteristics of hospitalized Escherichia coii 0157:H7 patients by HUS case status. New York, 1998-1999* 


Characteristic 

Total (N = 238) 
n(%) 

HUS (n = 36) 
n(%) 

Non-HUS (n = 202) 
n(%) 

OR (95% Cl) 

p value 

Age (y) 

0-4 

34(14) 

18(49) 

16(8) 

4.9 (2.2-11.8) 

<0.001 

5-14 

52 (22) 

6(17) 

46 (23) 

1.1 (0.4-3.1) 


15-65 

96 (24) 

6(17) 

90 (44) 

0.6 (0.2-1 .7) 


>65 

56 (40) 

6(17) 

50 (25) 

1.0 


Sex 

Female 

147 (62) 

25 (69) 

122 (61) 

1.5 (0.8-3.4) 

0.33 

Male 

91 (38) 

11 (31) 

80 (39) 

1.0 


Outcome 

Dead 

7(3) 

5(14) 

2(1) 

16.1 (2.9-86.8) 

0.001 

Alive 

231 (97) 

31 (86) 

200 (99) 

1.0 


Outbreak 

Yes 

49 (21) 

15(42) 

34(17) 

3.6 (1 .6-7.5) 

0.01 

No 

189 (79) 

21 (58) 

168 (83) 

1.0 


Hospital stay (d) 

>4 

121 (51) 

31 (86) 

90 (45) 

7.7 (2.8-20.6) 

0.001 

1-4 

1 1 7 (49) 

5(14) 

1 1 2 (55) 

1.0 


Bloody stool 

Yes 

203 (85) 

30 (84) 

173 (86) 

0.8 (0.3-2.4) 

0.77 

No 

35(15) 

6(16) 

29(14) 

1.0 


Fever 

Yes 

71 (30) 

19(53) 

52 (26) 

3.2 (1 .6-6.5) 

0.009 

No 

167 (70) 

17(47) 

150 (74) 

1.0 


Vomiting 

Yes 

96 (40) 

14(39) 

82 (40) 

0.9 (0.4-1 .9) 

0.84 

No 

142 (60) 

22 (61) 

120 (60) 

1.0 


Antimicrobial drug use 

Yes 

89 (37) 

11 (31) 

78 (38) 

0.7 (0.3-1 .5) 

0.38 

No 

149 (63) 

25 (69) 

124 (62) 

1.0 


Proteinuria at admission 

Yes 

60 (25) 

23 (64) 

37(18) 

7.8 (3.6-17.0) 

<0.001 

No 

178 (75) 

13(36) 

165 (82) 

1.0 


Hematuria at admission 

Yes 

80 (34) 

23 (64) 

57 (28) 

4.5 (2. 1-9.4) 

<0.001 

No 

158 (66) 

13(36) 

145 (72) 

1.0 


Leukocyte count at admission 

>1 3,000/pL 

1 1 9 (50) 

29(81) 

90 (44) 

5.2 (2.2-12.3) 

<0.001 

<13,000/pL 

1 1 9 (50) 

7(19) 

1 1 2 (56) 

1.0 


Duration of diarrhea before 
hospitalization 

>3 days 

70 (29) 

24 (67) 

46 (23) 

6.7 (3.1-1 4.6) 

<0.001 

<3 days 

168 (71) 

12(33) 

156 (77) 

1.0 



*HUS, hemolytic uremic syndrome; OR, odds ratio; Cl, confidence interval. 
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Table 2. Multiple logistic regression analysis of risk factors associated with HUS, New York, 1998-1999* 


Characteristic 

No. patients (%) (n = 36) 

No. controls (%) (n = 202) 

Adjusted OR (95% Cl) 

Proteinuria 

23 (64) 

37(18) 

6.7 (1.9-24.1) 

Duration of diarrhea before hospitalization >3 d 

24 (67) 

46 (23) 

6.2 (2.2-17.4) 

Age <5 y 

18(50) 

16(8) 

5.9 (1.9-17.6) 

Leukocytes >13,000/pL 

29 (81) 

90 (44) 

4.4 (1.6-12.6) 

Outbreak case 

15(42) 

34(17) 

1.7 (0.6-4.9) 

Hematuria 

23 (64) 

57 (28) 

1.4 (0.4-4.9) 

Fever 

19(53) 

52 (26) 

1.1 (0.4-3.1) 

*HUS, hemolytic uremic syndrome; OR, odds ratio; Cl, 

confidence interval. 




or vomiting, our multivariate analysis did not show a sig- 
nificant association between these characteristics and 
HUS. Since only hospitalized patients with severe diarrhea 
were studied, some symptoms (bloody stool, fever, or 
vomiting) might have been reported more often than in the 
general population with E. coli 0157:H7 infection. As a 
result, some significant associations might have been 
missed. Buteau et al. (14) reported that a diarrheal pro- 
drome <3 days is an independent predictor of HUS devel- 
opment in children with E. coli 0157:H7 infection; 
however, our study suggested that prolonged diarrhea (>3 
days) may increase the risk of HUS. 

Our analysis was consistent with results of other stud- 
ies that found patients with elevated leukocyte counts to be 
at higher risk for developing HUS (5-8,14). Patients with 
leukocytes >13,000/jiL at admission in our study had 5 
times the risk of HUS. Protein and occult blood in urine 
were described as risk factors for HUS in a study in Japan 
(15). In the current study, proteinuria at admission was also 
a risk factor for HUS. However, HUS had already devel- 
oped in most of these patients by the time of hospitaliza- 
tion, and we could not determine whether these factors 
preceded HUS development. 

In summary, patients hospitalized for E. coli 0157:H7 
infection, those <5 years of age with >3 days of diarrhea, 
leukocytes >13,000/jlL, and proteinuria should be moni- 
tored closely for further complications. Nine (25%) of the 
HUS patients had 4 risk factors, 11 (31%) patients had 3 
risk factors, and 10 (28%) had 2 risk factors. In comparison, 
none of the controls had these 4 risk factors, 4 (2%) had 3 
risk factors, and 47 (23%) had 2 risk factors. Identifying 
potential risk factors may allow clinicians to develop treat- 
ment interventions to prevent progression to HUS. 

Ms Tserenpuntsag is a DrPH student majoring in epidemiol- 
ogy at the State University of New York at Albany. Her research 
interests include infectious disease epidemiology. 
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Hepatitis E Virus 
Transmission from 
Wild Boar Meat 

Tian-Cheng Li,* Katsumi Chijiwa,t 
Nobuyuki Sera,t Tetsuya lshibashi,f 
Yoshiki Etoh,f Yuji Shinohara,^ Yasuo Kurata,^ 
Miki lshida,§ Shigeru Sakamoto,^ 
Naokazu Takeda,* and Tatsuo Miyamura* 

We investigated a case of hepatitis E acquired after 
persons ate wild boar meat. Genotype 3 hepatitis E virus 
(HEV) RNA was detected in both patient serum and wild 
boar meat. These findings provided direct evidence of 
zoonotic foodborne transmission of HEV from a wild boar to 
a human. 


H epatitis E vims (HEV), a causative agent of human 
hepatitis E, is a single- stranded positive-sense RNA 
vims recently classified as the sole member of the genus 
Hepevirus in the family Hepeviridae (1,2). HEV is trans- 
mitted primarily by the fecal-oral route through contami- 
nated drinking water. However, recent studies have 
demonstrated that various animal species have serum anti- 
bodies to HEV, suggesting that hepatitis E is a zoonotic 
disease (3). In Japan, 4 hepatitis E cases have been linked 
directly to eating raw deer meat (4), and several cases of 
acute hepatitis E have been epidemiologically linked to 
eating undercooked pork liver or wild boar meat (5,6). 
These cases provide convincing evidence of zoonotic 
food-home HEV transmission. We report direct evidence 
of HEV transmission from a wild boar to a human. 

The Study 

A 57-year-old woman came to lizuka Hospital on 
March 12, 2005, with malaise and anorexia. Although she 
was a healthy hepatitis B virus carrier and negative for 
serologic markers of hepatitis A and C, testing upon admis- 
sion showed elevated levels of liver enzymes (alanine 
aminotranferase 752 lU/L, aspartate aminotransferase 507 
lU/L, and y-glutamyl transpeptidase 225U/L). A serum 
sample collected on March 16 was positive for both 
immunoglobulin M (IgM) and IgG antibodies to HEV 
when tested by an antibody enzyme-linked immunosor- 
bent assay using recombinant vimslike particles (7). This 
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led to the diagnosis of hepatitis E. The hepatitis was typi- 
cal, acute, and self-limiting, and the patient recovered by 
the end of March. 

The patient’s husband traditionally hunted boar for 
food 3 or 4 times a year, and she had eaten boar meat on 2 
occasions. With her husband, she ate the meat as part of a 
hot pot on December 28, 2004, 11 weeks before her illness, 
and again, grilled, on January 19, 2005, along with 10 
other people (including her husband) 8 weeks before her 
illness. Disease did not develop in the other 10 people. 
Except for this wild boar meat, the patient had not eaten 
meat or liver from other wild animals. Since she had not 
traveled abroad in the past 30 years, transmission must 
have occurred in Japan. Two portions of meat from the 
wild boar (meats 1 and 2) eaten on December 28, 2004, 
and 1 portion from the other wild boar (meat 3) eaten on 
January 19, 2005, remained and were frozen. 

Juice was obtained from the sliced meat by centrifuga- 
tion at 10,000 X g for 15 min. The supernatant was used for 
RNA extraction. A nested reverse transcription-poly- 
merase chain reaction (RT-PCR) was conducted to ampli- 
fy part of open reading frame 2 (ORE2), which 
corresponds to nucleotides (nt) 5939-6297 of the genotype 
1 HEV genome (GenBank D 103 30), with external sense 
primer HEV-El (5'-TAYCGHAAYCAAGGHTGGCG-3') 
and antisense primer HEV-R2 (5'-TGYTGGTTRTCR- 
TARTCCTG-3'). A nested PCR was conducted with inter- 
nal sense primer HEV-E2 (5'-GGBGTBGCNGAGGAGG- 
AGGC-3') and internal antisense primer HEV-Rl (5'- 
CGACGAAATYAATTCTGTCG-3'). This procedure 
allows amplification of HEV 1,3, and 4 genotypes. A PCR 
product of 359 bp including the primer sequences was 
obtained from meat 3 by nested PCR. However, meats 1 
and 2 were negative. HEV RNA was not detected in the 
patient’s serum by the same amplification method. This 
may have resulted from an extremely small amount of 
RNA. 

New primers for the nested RT-PCR were designed for 
a region within the 359 base region based on the meat 3 
sequences, which corresponded to nt 5983-6243. The first 
PCR was performed with external sense primer HEV-WB- 
E1 (5'-ACCTCTGGCCTGGTAATGCT-30 and antisense 
primer HEV-WB-R2 (5'-GAGAAGCGTATCAGCAAG- 
GT-3'). The nested PCR was performed with internal sense 
primer HEV-WB-E2 (5'-TATTCATGGCTCTCCTGTCA- 
3') and internal antisense primer HEV-WB-Rl (5'-ACA- 
GTGTCAGAGTAATGCCT-3'). These primers allowed 
amplification of 281 nt, including the primer sequences 
from the patient serum collected on March 16, 2005. In 
contrast, meats 1 and 2 were negative with these new 
primers. 

To further analyze the RNA in the patient serum and 
meat 3, RNA genomes encoding an entire ORE2 were 
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amplified as overlapping segments, nucleotide sequences 
were determined, and phylogenetic analysis was carried 
out with avian HEV as an outgroup. Avian HEV is a 
causative agent of chicken hepatitis- splenomegaly syn- 
drome (8). Two sequences, 1 from the patient (DQ079629) 
and the other from meat 3 (DQ079630), were classified 
into genotype 3 (Eigure). Only 1 nt difference was 
observed in the 1,980 nt of the entire ORE2; the nucleotide 
sequence identity was 99.95%. The difference was not 
accompanied by any amino acid changes. These data 
demonstrated that HEV infection was transmitted from the 
wild boar meat to the patient on January 19, 2005. 


Conclusions 

Currently, deer, pig, and wild boar are suspected 
sources of foodbome zoonotic transmission of HEV in 
Japan, and genotypes 3 and 4 of HEV are believed to be 
indigenous (4-6,9,10). Direct evidence for transmission of 
genotype 3 HEV from animals to humans was observed in 
acute hepatitis in 4 persons who had eaten uncooked deer 
meat that contained ~10^ copies of HEV RNA (4). 
However, the rare finding of HEV antibody-positive deer 
in Japan suggest that deer are not the major zoonotic reser- 
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Figure. Phylogenetic tree of hepatitis E virus (HEV) reconstructed 
with avian HEV as an outgroup. Nucleotide sequences of the 
entire open reading frame 2 were analyzed by the neighbor-join- 
ing method. The bootstrap values correspond to 1,000 replica- 
tions. The 2 nucleotide sequences characterized in this study are 
shown in bold. The horizontal scale bar at the top left indicates 
nucleotide substitutions per site. 


voir of HEV in this country (11). In contrast, high anti- 
body-positive rates in domestic pig and wild boar, includ- 
ing HEV genotypes 3 and 4, have been frequently 
detected, suggesting that persons who eat uncooked meat 
are at risk for infection with HEV (12,13). This report is 
the first to provide direct evidence of zoonotic foodborne 
genotype 3 HEV transmission from wild boar to a human. 
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Human Rickettsia 
felis Infection, 
Canary Islands, 

Spain 

Jose-Luis Perez-Arellano,*t^ 

Florence Fenollar4^ Alfonso Angel-Moreno,*t 
Margarita Bolahos,*t Michele Hernandez, 
Evora Santana, *t Marion Hemmersbach-Miller,*t 
Antonio-M Martm,*f and Didier Raoult^ 

We report the first cases of human infection by 
Rickettsia felis in the Canary Islands. Antibodies against R. 
felis were found in 5 adsorbed serum samples from 44 
patients with clinically suspected rickettsiosis by Western 
blot serology. Fleas from 1 patient’s dog were positive for 
R. felis by polymerase chain reaction. 

ickettsia felis is an intracellular bacterium (genus 
Rickettsia, spotted fever group [SFG]) (1,2). Its bio- 
logical cycle involves the cat flea (Ctenocephalides felis) 
as the main vector (3). R. felis has been found in C. felis 
and C. canis in the Americas, Europe, Africa, Asia, and 
Oceania (1,3-6). Human disease caused by R. felis was 
unknown until 1994 (4). Since then, R. felis infection has 
been reported in Mexico (3 patients) (7), Germany (1 
patient) (8), Brazil (2 patients) (1), and France (2 patients) 
(1). The clinical manifestations of the disease include high 
fever, rash, and elevation of liver enzymes (1,4,7). 
Exposure to fleas or to flea-prone animals is sometimes 
recorded (7,8). 

On the Canary Islands (Atlantic islands of Spain), 
autochthonous cases of murine typhus have been reported 
(9). Although we suspected that some patients with a clin- 
ical picture of murine typhus actually had R. felis infection, 
we were not able to confirm this hypothesis. Therefore, 44 
serum samples from 44 patients from the Canary Islands 
with suspected murine typhus were sent to the Unite des 
Rickettsies in Marseille, France, for specific serologic 
tests. Here, we describe the first 5 human infections caused 
by R. felis on the Canary Islands. 

The Study 

Forty-four patients were recruited for a prospective 
study of fever of intermediate duration (i.e., fever without 
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focal symptoms lasting 7-28 days). Demographic, clinical, 
and laboratory data were collected for all patients. Chest 
radiographs and blood and urine cultures were taken. 
Antibodies against R. typhi were tested by direct immuno- 
fluorescence test (bioMerieux, Marcy L’Etoile, France) in 
the Canary Islands. Among the 44 patients, 24 showed a 
positive serologic result. Antibodies against other agents 
(Coxiella burnetii, R. conorii, Leptospira spp., Epstein- 
Barr virus, cytomegalovirus, HIV, and hepatitis B virus) 
were also tested; all were negative. 

To search for evidence of infection with R. felis, all 
serologic results were confirmed by microinnnunofluores- 
cence (MIF) in France, as previously described (10). 
Systematic testing of SFG rickettsia antigens present in 
Europe and Africa was performed in parallel. The MIF 
procedure was followed by the use of Western blot and 
cross-adsorption studies. An immunofluorescence assay 
was considered positive if immunoglobulin G (IgG) titers 
were >1:64 or if IgM titers were >1:32. When cross-reac- 
tions were noted between the rickettsial antigens, the 
analysis comprised 3 steps. First, a rickettsial antigen was 
considered to represent the agent of infection when IgG or 
IgM antibody titers against this antigen were >2 serial dilu- 
tions higher than titers of IgG or IgM antibody against 
other rickettsial antigens (11). Second, when the difference 
in titers between R. felis and other antigens was <2 dilu- 
tions, Western blot assays were performed. A rickettsial 
antigen was considered the agent of infection when sera 
reacted only against the specific protein of this antigen. 
Expected molecular masses of the specific proteins were 
-125 kDa for R. typhi and 31 kDa for R. felis. Finally, 
when Western blot assays were not diagnostic, cross- 
adsorption studies were performed, as previously 
described (12). Specific diagnosis criteria after cross- 
adsorptions studies included a Western blot assay that 
showed exclusive reactivity with specific proteins of a sole 
agent. If reactivity with the 2 tested agents was still 
observed, diagnosis of an indeterminate rickettsial disease 
was made. With this strategy, patients were classified by 3 
types: R. felis infection, R. typhi infection, and indetermi- 
nate rickettsial disease. 

Five fleas from the dog of 1 R. /^/A-infected patient 
were tested by polymerase chain reaction (PCR) (3). DNA 
was extracted and amplified with primers that targeted the 
citrate synthase sequence, as previously described (3). For 
negative controls, we used sterile water and infection-free 
fleas previously tested in our laboratory; both negative 
controls were tested after every 7 samples. Amplicons 
were separated by electrophoresis on 1 % agarose gels and 
then purified by using a QIAquick PCR purification kit 
(Qiagen, Hilden, Germany), as described by the manufac- 
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turer. PCR products were sequenced by using the d-rho- 
damine terminator-cycle sequencing kit (PE Applied 
BioSystems, Courtabeuf, France), as described by the 
manufacturer. The sequences obtained were compared 
with those available in the GenBank DNA database by 
using the program Basic Local Alignment Search Tool 
(BLAST, version 2.0, National Center for Biotechnology 
Information (http://www.ncbi.nlm.nih.gov/BLAST/). 

A rickettsial infection was diagnosed by using MIL for 
31 of the 44 patients: 5 patients with the final diagnosis of 
R. felis infection, 13 with the diagnosis of R. typhi infec- 
tion, and 13 with the diagnosis of indeterminate rick- 
ettsioses (Table). The diagnosis of R. felis infection was 
based on Western blot results on adsorbed sera for all 


patients. All the antibodies of these patients were removed 
when the R. /^/A-adsorbed sera were analyzed with R. 
typhi and R. felis antigens, whereas antibodies to R. felis 
remained when the R. /yp/z/-adsorbed sera were analyzed. 

Western blots performed with unadsorbed and adsorbed 
sera are represented in the Figure. Features of patients are 
indicated in the online appendix (http://www.cdc.gov/ 
ncidod/EID/voll lnol2/05-07 1 l_app.htm). Some differ- 
ences were found between groups. The interval between 
the beginning of clinical signs and symptoms and evalua- 
tion was significantly more prolonged in the R. felis group 
than others. In the R. typhi group, odynophagia, cough, and 
rash were more frequent. When we compared biologic 
data, no difference was observed between R. typhi and 


Table. Clinical, epidemiologic, and biological data between Rickettsia fe//s group, R. typhi group, and indeterminate rickettsiosis group 


Characteristic 

R. feiis 

R. typhi 

Indeterminate 

p value 

No. 

5 

13 

13 

- 

Mean age, y* 

45(16) 

29(14) 

40(17) 

NSf 

Sex (M/F) 

5/0 

10/3 

12/1 

NSf 

Contact with dogs or cats§ 

4/5 

11/13 

11/13 

NSf 

Interval between clinical picture and evaluation, dl| 

12(9.5-14) 

9(8.5-10.2) 

9(7.9-13.4) 

<0.05# 

Fever§ 

5/5 

13/13 

13/13 

NSf 

Maximal temperature (°C)* 

39.3 (0.8) 

39.6 (0.5) 

39.4 (0.5) 

NSf 

Headache§ 

4/5 

12/13 

13/13 

NSf 

Conjunctivitis§ 

1/5 

3/13 

2/13 

NSf 

Arthralgia/myalgia§ 

4/5 

6/13 

5/13 

NSf 

Odynophagia§ 

0/5 

6/13 

0/13 

O.OIf 

Dry cough§ 

3/5 

8/13 

2/13 

0.04f 

Nausea/vomiting§ 

0/5 

2/13 

1/13 

NSf 

Abdominal pain§ 

1/5 

1/13 

0/13 

NSf 

Rash§ 

0/5 

9/13 

6/13 

0.03f 

Past or actual tick bite§ 

1/5 

2/13 

1/13 

NSf 

Hepatomegaly§ 

1/5 

6/13 

5/13 

NSf 

Splenomegaly§ 

0/5 

3/13 

2/13 

NSf 

Anemia (hemoglobin <13 mg/dL) 

0/5 

3/13 

1/13 

NS 

Normal blood leukocyte counts (4,000-1 0,000/pL) 

5/5 

10/13** 

11/13tt 

NSf 

Normal platelet counts (150, 000-400, 000/pL) 

4/5 

11/12tt 

11/13tt 

NSf 

Normal ratio prothrombin time (0.8-1 .2) 

4/4 

10/13 

11/13 

NSf 

Normal ESR (<10 mm/h) 

1/4 

11/12 

3/11 

NSf 

Normal creatinine blood level (62-106 pmol/L) 

5/5 

11/13 

10/13 

NSf 

Normal sodium blood level (136-144 mmol/L) 

2/4 

10/13 

10/12 

NSf 

Elevated AST (>35 lU/L) 

4/5 

8/13 

5/12 

NSf 

Mean AST (U/L) 

123 

254 

72 

0.01§§ 

Elevated ALT (>45 lU/L) 

5/5 

8/13 

6/12 

NSf 

Mean ALT (U/L)lh| 

185 (71-374) 

354 (55-1,368) 

86 (34-292) 

<0.01 §§ 

Elevated GGT (>55 lU/L) 

2/5 

3/13 

4/12 

NSf 

Elevated total serum protein concentration (>80 g/L) 

0/5 

0/12 

1/12 

NSf 

Elevated gamma globulin concentration (>13 g/L) 

2/5 

5/12 

8/10 

NSf 


*Data are expressed as mean (SD). Samples are distributed normally and have similar SD. NS, nonsignificant; ANOVA, analysis of variance test; ESR, 
erythrocyte sedimentation rate; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, gamma-glutamyl transpeptidase. 
fANOVA. 
fittest. 

§No. patients with these epidemiologic or clinical data/no. patients evaluated. 

IjData are expressed as median and 95% confidence intervals; >1 samples have a non-gaussian distribution. 

#Significant differences between R. felis and R. typhi groups (p<0.05) with Dunn test. 

**Leukopenia in 1 patient (3,700/|uL), leukocytosis in 2 patients (11,500/|uL and 16,000/|uL). 
tfLeukopenia in 2 patients. 

tJAII patients with an abnormal platelet count presented with thrombocytopenia in all cases. 

§§ANOVA; all cases. 

HHData are expressed as mean (range values). Samples are distributed normally and have similar SD. 
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Figure. Results of Western blot performed with serum samples 
from patient 5 with Rickettsia feiis infection and patient 10 with R. 
typhi infection. Molecular masses (in kilodaltons) are given to the 
left of panels. A) Patient with R. feiis infection; a, untreated serum 
analyzed by using R. conorii (lane 1), R. typhi (lane 2), and R. feiis 
(lane 3); b, R. fe//s-ad sorbed serum analyzed by using R. conorii 
(lane 1), R. typhi (lane 2), R. feiis (lane 3); all antibodies were 
removed; c, R. fyp/7/-adsorbed serum analyzed by using R. typhi 
(lane 1) and R. feiis (lane 2); antibodies to R. feiis remained; d, R. 
cono/'/Z-adsorbed serum analyzed by using R. conorii (lane 1), R. 
typhi (lane 2), R. feiis (lane 3); antibodies to R. feiis remained. B) 
Patient with murine typhus; e, untreated serum analyzed by using 
R. typhi (lane 1) and R. feiis (lane 2); f, R. fe//s-adsorbed serum 
analyzed by using R. typhi (lane 1) and R. feiis (lane 2); antibod- 
ies to R. typhi remained; g, R. typhi-a6sorbe6 serum analyzed by 
using R. typhi (lane 1) and R. feiis (lane 2); all antibodies were 
removed. 
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R. feiis groups, except for milder hypertransaminasemia in 
the latter group. Finally, 2 PCR products were obtained 
and sequenced from 2 fleas. Both sequences were 100% 
similar to R. feiis citrate synthase gene in GenBank acces- 
sion no. AF2 10692. No fleas were positive for R. typhi. 
Amplification was unsuccessful in all negative controls. 

Conclusions 

In the past 10 years, application of molecular tools has 
resulted in discovery of several new species of pathogenic 
rickettsiae, including R. feiis. Since then, this bacterium 
was cultivated, and its genome was sequenced (1,13). Its 


pathogenic role was recently demonstrated in patients with 
serologic evidence of infection in Brazil, France, and 
Germany {1). R. feiis DNA has also been detected in sera 
in Texas, Mexico, Brazil, and Germany (1,4,8,14). 
Autochthonous human rickettsioses that occur in the 
Canary Islands include murine typhus; SFG infections 
have never been reported (9). We diagnosed 5 cases of 
acute R. feiis infection (15). The clinical picture is global- 
ly similar to murine typhus (4). However, the R. feiis infec- 
tion in our study seemed to be milder, and no skin rash was 
observed. The incidence of R. feiis infection in the Canary 
Islands is probably underestimated; therefore, serologic 
tests for R. feiis should be performed in patients with pro- 
longed fever or suspected rickettsioses. 

Cross-reactions in serologic testing for R. feiis are 
unpredictable (3). In our study, patients with R. feiis infec- 
tion more frequently had high antibody titers (IgM >1:32 
and IgG >1:64) to R. conorii and R. typhi (2 of 5 patients) 
than did patients with R. typhi infection (0 of 13). On the 
basis of R. feiis data, we conclude that patients with R. feiis 
infection may have no cross-reactivity with other rickettsi- 
ae, cross-reactivity with SFG rickettsiae, or cross-reactivi- 
ty with both SFG rickettsiae and R. typhi. Genetic support 
for cross-reactivity with R. conorii is plausible because 
most membrane proteins of SFG and R. feiis are extreme- 
ly close (surface cell antigen [Sea] family). Genome analy- 
sis showed that several genes were present in R. feiis and 
R. typhi and absent for other SFG, which could explain the 
cross-reactivity between R. feiis and R. typhi (13). Finally, 
if <2-fold differences in IgG/IgM titers between R. feiis 
and other SFG and typhus group rickettsiae are observed, 
only Western blot and cross-adsorptions will allow a spe- 
cific diagnosis once reactivity has disappeared after 
adsorption with R. feiis antigen. By contrast, a band of ~31 
kDa for the R. feiis antigen persists after adsorption with R. 
conorii and R. typhi. 
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Methicillin- 
resistant 
Staphylococcus 
aureus in Pig 
Farming 

Andreas Voss,*t Frans Loeffen,* Judith Bakker,* 
Come Klaassen,t and Mireille Wulf* 

We conducted a study among a group of 26 regional 
pig farmers to determine the methicillin-resistant 
Staphylococcus aureus prevalence rate and found it was 
>760 times greater than the rate of patients admitted to 
Dutch hospitals. While spa-type t108 is apparently a more 
widespread clone among pig farmers and their environ- 
ment, we did find other spa-types. 

M ethicillin-resistant Staphylococcus aureus (MRSA) 
has become a major nosocomial pathogen, highly 
prevalent in many European countries and throughout the 
world (1). In the Netherlands, the prevalence of MRSA 
among clinical isolates is still <1%, among the lowest in 
Europe (1). This low prevalence is probably best explained 
by the national policy that entails strict screening and iso- 
lation of all persons who are considered at high risk for 
MRSA when admitted to a hospital. This high-risk popula- 
tion has essentially consisted of patients admitted to or 
treated in foreign hospitals. As a result of this policy for all 
healthcare institutions, the prevalence of MRSA in the 
Dutch community is extremely low as well. In a recent 
study among -10,000 patients admitted to 4 Dutch hospi- 
tals, 23% carried S. aureus, but only 0.03% of the isolates 
were methicillin-resistant (2). 

In July 2004, we unexpectedly found MRSA in the pre- 
operative screening cultures of a 6-month-old girl before 
thoracic surgery. Neither the girl nor her family (parents, 1 
sister) had a history of traveling or admission to a foreign 
hospital. In the following months, the girl remained colo- 
nized with MRSA during consecutive decolonization 
attempts. Subsequently, the girl’s parents were found to be 
positive for MRSA. The family lived on a farm and raised 
pigs. 

To further investigate pig farming as a possible source 
of MRSA in Dutch patients, we screened a selection of 
pigs owned by the MRSA-positive farmer, and other 
regional pig farmers in November 2004. In January and 
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Eebruary 2005, 2 new cases of MRSA were identified, one 
in a pig farmer from a different region and one in the son 
of a veterinarian who worked mostly with pigs. 
Subsequently, the strain was also isolated from the veteri- 
narian and from a nurse in the hospital unit to which the 
son was admitted. 

Although the aforementioned cases were unrelated in 
time and location, they shared some features. In all the 
cases, other family members were MRSA-positive, decol- 
onization was repeatedly unsuccessful, and genotyping 
performed in the National Institute of Public Health and 
Environment (RIVM, Bilthoven, the Netherlands) showed 
the strains were not typeable by pulsed-field gel elec- 
trophoresis (PEGE) with restriction endonuclease Smal 
(the standard method). 

The Study 

Initially, the nares of 10 pigs were cultured. All were 
negative for MRSA. At a later stage, the perineum of 30 
pigs was cultured; 1 was positive for MRSA. The regional 
pig farmers were screened (throat and nares) during a 
monthly professional meeting that happened to be on the 
farm of the MRSA-positive family, at the time of investi- 
gation. With the exception of this meeting, the farmers had 
no further epidemiologic links, other than being from the 
southeastern region of the Netherlands. Six (23%) of the 
26 farmers were colonized with MRSA. 

As mentioned above, all MRSA isolates were resistant 
to digestion with restriction-endonuclease Smal, when typ- 
ing with PEGE was attempted. To ensure that we did not 
falsely classify a pig-related staphylococcal species as 
MRSA, the identification of all isolates was confirmed by 
testing for the presence of a S. aureus-^ptcific DNA ele- 
ment as well as the MecA gene, according to the methods 
of Reischl et al. (3). To compare the MRSA isolates, we 
performed random amplified polymorphic DNA analysis 
with primers Eric II (5'-AAG TAA GTG ACT GGG GTG 
AGC G-3'), RW3A (5'-TCG CTC AAA ACA ACG ACA 
CC-3'), D14307 (5'-GGT TGG GTG AGA ATT GCA CG- 
3') and spa-iypmg. 

Overall, 3 different MRSA strains were identified. The 
isolates of the girl (case-patient A), her parents, and the pig 
from their farm were identical with random amplified 
polymorphic DNA and belonged to spa-iypt tl08. 
Eurthermore, one of the regional pig farmers screened dur- 
ing the meeting, the pig farmer from a different region 
(case-patient B), the young boy (case-patient C), as well as 
his father and the nurse who treated the boy, were colo- 
nized with the same strain (Table). Three of the regional 
pig farmers shared spa-iypt 561 . The isolate from the 
remaining MRSA-positive regional farmer showed a spa - 
type not previously described (Table). 
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Table. Molecular typing of methicillin-resistant Staphylococcus aureus isolates 


Case-patients 

Date of culture 

Random amplified polymorphic DNA type 

Spa-type 

Patient A (girl) 

Jul 2004 

A 

108 

Regional farmer 1 (father of patient A) 

Aug 2004 

A 

108 

Mother of patient A 

Nov 2004 

A 

108 

Pig 

Feb 2005 

A 

108 

Patient B (farmer, different region) 

Jan 2005 

A 

108 

Patient C (boy) 

Feb 2005 

A 

108 

Father (veterinarian) of patient C 

Feb 2005 

A 

108 

Nurse of patient C 

Feb 2005 

A 

108 

Regional farmer 2 

Nov 2004 

Not done 

108 

Regional farmer 3 

Nov 2004 

Not done 

567 

Regional farmer 4 

Nov 2004 

Not done 

567 

Regional farmer 5 

Nov 2004 

Not done 

567 

Regional farmer 6 

Nov 2004 

Not done 

943 


Conclusions 

Recently, MRSA has been found in horses and in per- 
sons who take care of them (4). Human carriage has also 
been linked to colonized companion cats and dogs (5,6). 
While Lee et al. (7) reported an MRSA isolation frequen- 
cy of 0.6% in major food animals, but did not find MRSA 
in 469 samples from pigs, Armand-Lefevre et al. (8) 
described S. aureus (methicillin- susceptible and -resistant) 
carriage among pigs and pig farmers. Although the authors 
showed that both farmers and pigs carried methicillin- sen- 
sitive S. aureus and MRSA and that both groups shared 
certain multilocus sequence typing, the isolates came from 
separate, nonrelated collections. 

Here we demonstrate transmission of MRSA between 
an animal and human (pig and pig farmer), between fami- 
ly members (pig farmers and their families), and between 
a nurse and patient in the hospital. The unexpected high 
frequency of MRSA among the group of regional pig farm- 
ers (>760 X higher than in the general Dutch population) 
indicates that their profession might put them at risk for 
MRSA colonization. Overall, we found 3 different MRSA 
strains, including a new spa-type. Therefore, we expect 
that multiple strains are present in the pig population and 
the pig farmers. The strain with spa-type tl08 appears to 
be more prevalent and widespread, given that the strain 
spread from animal to human, between family members, 
between patient and nurse, and among pig farmers from 
different regions. 

Further research on a larger scale is needed to see if 
these observations hold true in other regions. If so, pig 
farming poses a significant risk factor for MRSA carriage 
in humans that warrants screening wherever pig farmers or 
their family members are admitted to a hospital. 


Dr Voss is a consultant microbiologist and head of infection 
control at the Canisius-Wilhelmina Hospital and professor of 
infection control at the Radboud University Medical Centre. His 
primary research interests are nosocomial infections, including 
multidrug-resistant nosocomial pathogens such as MRSA. 
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Salmonella and 
Campylobacter spp. 
in Northern 
Elephant Seals, 
California 

Robyn A. Stoddard, *t Frances M.D. Gulland,t 
E. Rob Atwill,* Judy Lawrence, t Spencer Jang,* 
and Patricia A. Conrad* 

Campylobacter and Salmonella spp. prevalence and 
antimicrobial drug sensitivity were determined in northern 
elephant seals that had not entered the water and seals that 
were stranded on the California coast. Stranded seals had a 
higher prevalence of pathogenic bacteria, possibly from ter- 
restrial sources, which were more likely to be resistant. 

A limited number of surveys have shown that pinnipeds 
(seals, sea lions, and walruses) can be infected with 
zoonotic enteric bacteria, including Salmonella and 
Campylobacter spp. and that some strains are resistant to 
antimicrobial drugs (1-3). Because both Salmonella and 
Campylobacter spp. are important zoonotic organisms, 
their presence in marine mammal feces raises concerns 
regarding risks to human health associated with exposure 
to coastal waters and marine mammals. Another concern is 
that these bacteria in marine mammals may reflect pollu- 
tion of the California coast by feces from terrestrial 
sources, including sewage and runoff that contain domes- 
tic animal waste. To address these concerns, more detailed 
data on bacterial pathogen distribution along the California 
coast are needed. 

Northern elephant seals (Mirounga angustirostris) are 
born on various California beaches and do not leave the 
beaches for several months after birth (4). Once the seals 
leave their natal beaches, they are at sea for most of their 
lives other than during breeding and the annual molt or if 
they are found “stranded” (if poor health or injury prevents 
them from leaving the shore) (5). We investigated the 
prevalence and antimicrobial drug sensitivity of 
Salmonella and Campylobacter spp. in northern elephant 
seals at different sites in California to ascertain the distri- 
bution of these bacteria in pinnipeds and determine their 
potential effect on marine mammal and human health. 


*University of California, Davis, California, USA; and fThe Marine 
Mammal Center, Sausalito, California, USA 


The Study 

In February and March of 2003 and 2004, 165 northern 
elephant seals, which had been recently weaned and had 
never entered the water, were sampled on their natal 
beaches at 3 colonies in California (Figure). From 
February to July in 2003 and 2004, 195 juvenile northern 
elephant seals were found stranded live along the 
California coast, rescued, and brought to The Marine 
Mannnal Center (TMMC), Sausalito, California, for reha- 
bilitation. At TMMC, seals were physically restrained and 
examined, and rectal swabs with Cary-Blair transport 
medium (BD Diagnostics, Franklin Lakes, NJ, USA) were 
collected for bacterial culture. Animals were not treated 
until after sampling. 

Salmonella enterica was isolated, identified with stan- 
dard procedures (6), and stored at -80°C in Microbank 
bead vials (Pro-Lab Diagnostics, Austin, TX, USA) until it 
was tested for antimicrobial drug susceptibility. 
Salmonella isolates were sent to the National Veterinary 
Services Laboratory (Ames, lA, USA) for serotyping. 
Antimicrobial drug susceptibility was performed with 
broth microdilution according to the Sensititre user manu- 
al and National Committee for Clinical Laboratory 
Standards (NCCLS) guidelines (7) for amikacin, amoxi- 
cillin-clavulanic acid, ampicillin, cefazolin, ceftiofur, cef- 
tizoxime, chloramphenicol, enrofloxacin, gentamicin, 
tetracycline, ticarcillin-clavulanic acid, and trimethoprim- 
sulfamethoxazole. Campylobacter spp. were selected by 



Figure. Location of The Marine Mammal Center (TMMC), rescue 
range of TMMC (shaded), and northern elephant seal rookeries 
(Point Reyes National Seashore, Point Aho Nuevo, Piedras 
Blancas) where seals were sampled along the California coastline. 
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using Campy-CVA agar (Hardy Diagnostics, Santa Maria, 
CA, USA) that was incubated under microaerophilic con- 
ditions at 37°C for 48 to 96 h, identified by using standard 
procedures (8), and stored at -80°C in Microbank bead 
vials until they were tested for antimicrobial drug suscep- 
tibility. Campylobacter isolates were tested for susceptibil- 
ity to ciprofloxacin, doxycycline, erythromycin, and 
gentamicin according to previously described techniques 
(9,10). Odds ratios were compared among the different 
bacteria and seal populations by using mixed- or fixed- 
effects logistic regression, with geographic location as the 
random effect and seal rookery as the fixed effect (11). A 
forward-stepping algorithm was used, and terms with 
p<0.05, based on the Wald statistic, were included in the 
final model. 

Salmonella spp. were isolated from 3 (1.8%) of 165 
natal-site elephant seals and 72 (36.9%) of 195 stranded 
seals. Stranded seals were 4 lx more likely to test positive 
for Salmonella spp. than natal-site seals (odds ratio [OR] 
40.9, p<0.001, 95% confidence interval [Cl] 7.7-218). All 
3 Salmonella isolates from the natal-site seals were 
serotype Typhimurium and were sensitive to all antimicro- 
bial drugs tested (Table 1). Eighty-three Salmonella iso- 
lates of 5 different serotypes, Newport, Saint Paul, 
Montevideo, Typhimurium, and Reading, were collected 
from 72 stranded seals; Newport was the most connnon 
serotype. Eleven stranded seals were positive for 2 differ- 
ent serotypes. Only 4 Salmonella Newport isolates from 
stranded seals were resistant to antimicrobial drugs; 3 iso- 
lates were resistant to ampicillin, with intermediate resist- 
ance to ticarcillin-clavulanic acid, and 1 isolate was 
resistant to amoxicillin-clavulanic acid and cefazolin. 

On the basis of biochemical analysis, Campylobacter 
jejuni, C. lari, and an unknown Campylobacter sp. were 
isolated from both groups of elephant seals (Table 2). C. 
jejuni was the most common Campylobacter species isolat- 
ed, followed by C. lari and the unknown Campylobacter sp. 
(Table 2). One natal-site seal and 8 stranded seals were 
infected with 2 Campylobacter spp. Stranded seals were 
6.0x more likely to test positive for Campylobacter spp. 
than natal-site seals (OR 5.97, p<0.001, 95% Cl 4.2-8.4). 


Table 1. Serotypes and antimicrobial drug resistance* of 
Salmonella spp. isolated from natal-beach and stranded northern 
elephant seals, California, 2003-2004 


No. resistant isolates/total (%) 

Serotype 

Natal-beach seals 

Stranded seals 

Newport 

0/0 

4/42 (9.5) 

Saint Paul 

0/0 

0/17 

Montevideo 

0/0 

0/15 

Typhimurium 

0/3 

0/2 

Reading 

0/0 

0/7 

All serotypes 

0/3 

4/83 (4.8) 


*lntermediately resistant or resistant to >1 antimicrobial drugs. 


Stranded seals were 4.3x more likely to be positive for C. 
jejuni (OR 4.33, p<0.001, 95% Cl 1.8-10.6), 7.2x more 
likely to be positive for C. lari (OR 12, p<0.001, 95% Cl 
2.4-21.4), and 22x more likely to be positive for the 
unknown Campylobacter sp. (OR 21.9, p = 0.003, 95% Cl 
2.9-164) than natal-site seals. Ciprofloxacin was the only 
antimicrobial drug to which isolates were resistant (interme- 
diate or complete); resistance was detected in both groups 
of seals but was more connnon in stranded seals (Table 2). 

Conclusions 

Prevalence of Salmonella and Campylobacter spp. was 
higher in juvenile northern elephant seals that became 
stranded along the coast of central California than in seals 
on their natal beaches that had never entered the water. A 
potential explanation for this difference is that stranded 
seals may have harbored bacteria but were not shedding 
them while they were in good health on their natal beach- 
es. Infections with some pathogenic bacteria may be 
asymptomatic, but animals may intermittently shed bacte- 
ria, especially if stressed (12,13). Stress and malnutrition 
can suppress immunity, which makes an individual animal 
more susceptible to infection and prolongs existing infec- 
tion (14). Another possible explanation for the higher 
prevalence in stranded seals is that stranded animals are 
more susceptible to infection, because of stress or malnu- 
trition, by pathogens in the environment from terrestrial 
sources, such as contaminated freshwater and sewage out- 
fall. The fact that isolates from stranded seals tend to be 
resistant supports this possibility. 


Table 2. Prevalence and antimicrobial resistance* of Campylobacter spp. isolated from natal-beach and stranded northern elephant 
seals, California, 2003-2004 

Species 

Natal-beach 

Stranded! 

Positive seals/ 
total (%)t 

Resistant isolates/ 
total (%) 

Positive seals/ 
total (%)! 

Resistant isolates/ 
total (%) 

Campylobacter Jejuni 

17/165(10.3) 

0/1 6§ 

54/194 (27.8) 

2/54 (3.7) 

C. lari 

5/1 65 (3.0) 

2/5 (40.0) 

26/194(13.4) 

8/23§ (34.8) 

Unknown Campylobacter sp. 

1/1 65 (0.6) 

0/1 

23/194(11.9) 

12/20§ (60.0) 

All Campylobacter spp. 

22/165(13.3) 


94/194 (48.5) 



*lntermediately resistant or resistant to >1 antimicrobial drugs. 

fThe presence of Campy/obacter spp. was not determined for 1 stranded seal because other bacteria overgrew on the plate. 

tNumber of seals positive can be fewer than total number of Campy/obacter isolates because multiple Campy/obacter spp. were isolated from some 
seals. 

§Not all isolates were tested for susceptibility because of contamination or lack of growth after freezing. 
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The cause of the higher prevalence of pathogenic bac- 
teria in stranded juvenile northern elephant seals should be 
determined, especially if animals are infected by pathogen- 
ic bacteria from terrestrial sources contaminating the 
marine environment. Coastal freshwater runoff is associat- 
ed with a high risk for infection of southern sea otters 
(Enhydra lutris nereis) with Toxoplasma gondii in 
California and might also be a risk factor for infection of 
elephant seals with pathogenic fecal bacteria (15). Further 
studies to identify environmental risk factors for infection 
of elephant seals with Campylobacter and Salmonella spp. 
and genetic fingerprinting of these isolates may help deter- 
mine the sources of these bacteria. 
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Pivotal Role of 
Dogs in Rabies 
Transmission, 
China 

Xianchun Tang,*i Ming Luo,t^ Shuyi Zhang,* 
Anthony R. Fooks,t Rongliang Hu,t 
and Changchun Tuf 

The number of dog-mediated rabies cases in China 
has increased exponentially; the number of human deaths 
has been high, primarily in poor, rural communities. We 
review the incidence of rabies in China based on data from 
1950 and 2004, obtained mainly from epidemiologic bul- 
letins published by the Chinese Ministry of Health. 

R abies is a zoonotic disease that causes severe destruc- 
tion to the central nervous system and is usually fatal. 
Asia reports the highest global incidence: human rabies 
cases there account for >80% of the worldwide total. In 
Bangladesh, India, and Pakistan, >40,000 persons die of 
rabies each year; transmission from a dog bite is reported 
in 94% to 98% of cases (1). The numbers of human cases 
are still considered to be conservative estimates, however, 
since underreporting of rabies is widespread in developing 
countries. In recent years, China has reported the second 
highest rates of illness and death from human rabies world- 
wide. From 1950 to 2004, -103,200 persons died of rabies 
throughout the country in 4 reported epidemic waves that 
occurred at 10-year intervals: 1956-1957, 1965-1966, 
1974-1975, and 1982-1983. The most severe epidemic 
occurred from 1980 to 1990 and resulted in 55,367 human 
deaths (2). After 1990, the number of reported human 
rabies cases declined annually, and the lowest number of 
cases was reported in 1996 (n = 159), largely as a result of 
increased awareness of risk. Since 1997, the fatality rate 
has increased exponentially (3); the number of human 
rabies deaths peaked in 2003-2004. The reported number 
of human rabies deaths, from 2001 to 2004 were 854, 
1,159, 1,980, and 2,651, respectively, which corresponds 
to increases of 91%, 36%, 71%, and 34% from the previ- 
ous year. In addition, the number of affected regions has 
expanded rapidly, and in 2003, human rabies cases were 
reported in 190 counties, of which 30 recorded their first 
epidemic. The current trend shows that the fifth epidemic 


*Chinese Academy of Science, Beijing, People’s Republic of 
China; fAcademy of Military Medical Sciences, Changchun, 
People’s Republic of China; and ^Veterinary Laboratories Agency 
(Weybridge), Surrey, United Kingdom 


wave of rabies that began in the 1990s is gaining momen- 
tum as a serious human epidemic. 

The disease is predominantly distributed in the south- 
ern provinces of China, bordered by the Yangtse River. 
Relatively fewer cases occur in northern China, largely as 
a result of population demographics. The human-to-dog 
ratio in southern China is substantially greater than in 
northern China, and the potential risk for exposure to a 
rabid dog is therefore enhanced. From 1996 to 2002, rabies 
predominantly affected 5 southern provinces, Guangxi, 
Hunan, Jiangxi, Guangdong, and Jiangsu, with human 
deaths accounting for >70% of the national total (Figure, 
Table) (3-8). In 2003, 7 provinces reported twice the num- 
ber of human rabies cases than reported in 2002. Further 
analysis showed that the death rate in men was 1-2.5 times 
higher than in women and that the death rate for adoles- 
cents and children was higher than that for adults; 68.6% 
rabies cases were reported in patients <30 years of age 
(5-8). These data reaffirmed our understanding of rabies in 
other developing regions, especially in parts of Africa and 
Asia, where rabies is universally recognized as a disease of 
poor, rural communities, often of the disadvantaged, and 
principally of young adults and children. 

Numerous wildlife species are natural reservoirs of 
rabies virus and are known, on rare occasions, to act as a 
source of transmission to humans. In China, however, the 
domestic dog (Canis familiaris) plays a pivotal role in 
rabies transmission; 85%-95% of human rabies cases are 
ascribed to dog bites, and 50%-70% of human rabies cases 
are reported in rural areas. Animal rabies surveillance in 
2004 showed that brain tissue specimens collected from 5 
(1.76%) of 283 healthy looking dogs from rural areas of 13 
cities in Guangxi province tested positive for rabies virus 
by reverse transcriptase polymerase chain reaction fol- 
lowed by virus isolation (Q. Liu, pers. comm.). In early 
2005, 6 dog rabies cases in rural areas of 5 counties of 
Chongqing, southwest China, were reported to our labora- 
tory. These rabid dogs were not vaccinated and had bitten 
15 dogs and 52 people. From their brain tissues 6 rabies 
virus isolates were obtained. 

Owned dogs do not have to be registered in China, and 
the number of dogs has been estimated at 80-200 million. 
In rural areas, low vaccination coverage of dogs is wide- 
spread, largely because of poor awareness of rabies and the 
high cost of vaccination. Rural dogs are not leashed and 
always have free movement in these regions, thereby 
increasing the risk for human exposure to rabies. More 
importantly, people injured by dog bites in rural areas do 
not receive qualified and sufficient postexposure prophy- 
laxis as recommended by the World Health Organization 
because rabies immunoglobulin is expensive, awareness of 
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Figure. Human rabies epidemic in China by location, 1996-2000. 


prophylaxis is poor, and access to medication is not con- 
venient. One study showed that 244 (88.7%) of 275 human 
rabies patients reported in Guangxi Province from 1996 to 
2000 were not treated with immediate postexposure pro- 
phylaxis. Only 31 patients (11.3%) were treated properly; 
16 received a completed vaccination regimen (6). 

In addition to the prevalence of rabies in dogs, the dis- 
ease was also reported in other domestic animals, live- 
stock, and wildlife, including cattle, pigs, sheep, foxes, 
sika deer, rats (9-11), and bats. In 1999, a total of 300 bats 
not identified to species were captured in Nanning, the 
capital city of Guangxi province, and their brain tissues 
were subjected to reverse transcription-polymerase chain 
reaction and virus isolation to detect a bat lyssavirus. The 
brain tissues of 3 bats tested positive, resulting in the iso- 
lation of live virus by using the mouse inoculation test (T. 
Luo, pers. comm.). In 2002, the first report of human 
rabies in China caused from the bite of a bat was reported. 
A staff member at a television broadcasting station in 
Tonghua County in northeast Jilin Province was bitten by 
a bat on the left side of his face when he picked up a tele- 
phone on the evening of July 17, 2002. Twelve days later, 
on July 29, he reported that his face felt numb, and he had 


a severe headache. On July 31, the patient had a fever with 
a body temperature of 41°C-42°C. He also reported feel- 
ing nauseated and faint and said his upper body was 
painful and sore. The patient also showed characteristic 
clinical symptoms of rabies, including a fear of both wind 
and light. He was hospitalized in Changchun General 
Hospital, Jilin Province, on August 1 , 2002, with a clinical 
diagnosis of rabies and died the next day, 16 days after the 
exposure and 4 days after he showed clinical symptoms. 
This was the first reported case of bat rabies virus in China 
although the species of the bat was never identified; the tis- 
sue samples from the bat and the viral isolates were dis- 
carded. 

Comprehensive research studies have not been carried 
in China on the ecology, molecular epidemiology, and 
genetic diversity of rabies virus strains circulating in dif- 
ferent provinces. In 2002, a study demonstrated that the 
viruses isolated in China from humans and domestic ani- 
mals were genotype 1 strains of classic rabies virus (12). 

The prevention and control of rabies in China would be 
advanced with the establishment of a veterinary adminis- 
tration that specializes in rabies control. This administra- 
tion would need financial resources to support diagnostic, 
surveillance, and vaccination campaigns in animals. 

Vaccinating domestic dogs in rural areas would sub- 
stantially reduce the numbers of human rabies cases. For 
this goal to be achieved, a government-funded registration 
and licensing for all dogs would have to be compulsory 
and vaccination and sterilization of owned dogs in rural 
areas would have to be implemented and regular vaccina- 
tion of dogs in urban areas continued. If the medical infra- 
structure in rural areas is strengthened by educating more 
professional healthcare workers and improving the avail- 
ability of biological products, especially vaccines and 
rabies innnunoglobulin for human use in postexposure 
prophylaxis regimens, China would be able to realize the 
goal of the World Health Organization to reduce by half 
the number of human rabies cases worldwide by 2015. 

This work was supported a grant from the Ministry of 
Agriculture of the People’s Republic of China to C.T. (grant no. 


Table. The 5 Chinese provinces with the highest number of rabies cases, 1996-2002 

Province 

1996 

1997 

1998 

1999 

2000 

2001 

2002 

Jiangsu 

11 

23 

15 

39 

42 

48 

100 

Jiangxi 

8 

28 

60 

79 

160 

192 

160 

Hunan 

17 

31 

43 

78 

111 

311 

300 

Guangdong 

11 

20 

29 

35 

14 

76 

144 

Guangxi 

51 

49 

40 

23 

79 

138 

204 

Total of 5 provinces 

98 

151 

187 

254 

406 

765 

908 

National total 

163 

230 

238 

341 

465 

891 

1,191 

% of national total 

60.12 

65.65 

78.57 

74.49 

87.31 

85.86 

76.24 
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Echinococcus 
multilocularis in 
Estonia 

To the Editor: Alveolar echinoco- 
ccosis (AE) caused by Echinococcus 
multilocularis is one of the most 
important emerging zoonosis in 
Europe. The fatality rate is >90% in 
untreated patients (1). In Europe, the 
distribution range of the zoonotic 
tapeworm E. multilocularis has 
expanded over the last few decades, 
and the parasite attracts increasing 
awareness as a public health issue 
(2-5). In 2003, AE was added to the 
list of zoonoses to be monitored in the 
member states of the European Union, 
according to Directive 2003/99/EC. 

This is the first report of E. multi- 
locularis in Estonia, which extends its 
northern distribution in Europe. 
Results of examinations of 17 red 
foxes shot in the eastern (Vonnu and 
Rapina) and western (Hiiumaa) dis- 
tricts of Estonia from Eebruary to 
December 2003 were included in this 
study. We examined the intestinal 
tracts by the sedimentation and count- 
ing technique as described (1). 
Echinococcus adult stages were found 
in 5 foxes (29.4%). Two foxes, infect- 
ed with 3 and 5 adult worms, were 
from the Rapina district; 2 foxes, 
infected with 66 and 133 worms, were 
from the Vonnu district; and 1 fox, 
infected with the highest number of 
worms (927), was from the Hiiumaa 
District. The worms were retrieved, 
counted, washed, and stored in 90% 
ethanol until DNA purification. The 
parasites were identified as E. multi- 
locularis, based on the most important 
morphometric parameters of adult 
stages (length of worms, number of 
proglottids, terminal proglottids in 
percentage of total worm length, posi- 
tion of genital pore, and form of 
uterus) (2). 

To confirm the taxonomic status of 
the worms, polymerase chain reaction 
(PCR) was conducted, followed by 


restriction fragment length polymor- 
phism (RELP) analysis and direct 
sequencing of a portion of the NADH 
dehydrogenase subunit I (NDl) gene 
of the mtDNA. A total of 6 specimens 
of E. multilocularis were used for 
genetic analysis. Total genomic DNA 
was extracted with the High Pure 
PCR Template Preparation Kit (Roche 
Molecular Biochemicals, Mannheim, 
Germany) according to manufactur- 
er’s instructions. PCR-RELP was per- 
formed as described by Gonzalez et 
al. (6). The RELP pattern of E. multi- 
locularis isolates differed from that of 
E. granulosus. Diagnostic cleavage at 
the locus Eg9 of E. multilocularis 
with the enzyme Cfol is able to distin- 
guish E. multilocularis and its closest 
relative E. granulosus (Eigure, lanes 3 
and 4 vs. lane 10). All 6 specimens of 
E. multilocularis produced identical 
results. A 426-bp fragment of the 
mitochondrial NDl gene was ampli- 
fied with the primers NDfor2- 
AGTTTCGTAAGGGTCCTAATA 
and NDrev2-CCCACTAACTAA- 
CTCCCTTTC using the BD 
Advantage 2 PCR Kit (Becton 
Dickinson Biosciences, Eranklin 
Lakes, NJ, USA) as described (7). 
DNA cycle sequencing was per- 
formed by using the DYEnamic ET 


Terminator Cycle Sequencing Kit 
(Amersham Pharmacia Biotech, 
Piscataway, NJ, USA). Sequences 
were resolved on an ABI PRISM 377 
automated DNA sequencer (Applied 
Biosystems, Poster City, CA, USA). 

All analyzed E. multilocularis 
specimens had identical sequences. 
The NDl sequence of E. multilocu- 
laris from Estonia was submitted to 
GenBank under accession no. 
AY855918. The nucleotide sequences 
obtained were compared with those in 
the GenBank sequence database. The 
sequence of the Estonian isolate was 
identical with other E. multilocularis 
sequences deposited under accession 
nos. AJ32907, AJ32908, AJ32909, 
and AJ32910 from Poland (7) and 
AY389984 from China (Yang JK et 
al., unpub. data), and differed consid- 
erably from the sequences of the most 
closely related species, E. granulosus. 
Por phylogenetic analysis, the NDl 
sequences of 7 E. multilocularis, 24 
E. granulosus, 1 Taenia solium, 1 E. 
vogeli, and 1 E. oligarthrus isolates 
were included and MrBayes 3.04b (8) 
was used for the Bayesian estimation 
of phytogeny, applying the GTR-hI-hG 
substitution model that best fitted the 
data (determined with Modeltest 3.06) 
(9). Searches were conducted with 


E. mulUiocularis E. granulosus 


700 bp- 
500 bp- 

300 bp- 

Figure. Diagnostic polymerase chain reaction (PCR) restriction fragment length polymor- 
phism analysis for Echinococcus multilocularis (lanes 1-8, 2 specimens in parallel) and E. 
granulosus (lanes 9-12, 1 specimen). Lane M: Gene Ruler 100-bp DNA ladder; lane C: 
negative control without DNA; lanes 1 and 2: amplification of E. multilocularis DNA with 
Eg9 PCR; lanes 3 and 4: amplification of E. multilocularis DNA with Eg9 PCR, followed by 
cleavage with enzyme Cfol] lanes 5 and 6: amplification of E. multilocularis DNA with Eg9 
PCR, followed by cleavage with enzyme Rsal] lanes 7 and 8: amplification of E. multiloc- 
ularis DNA with Eg16 PCR; lane 9: amplification of E. granulosus DNA with Eg9 PCR; lane 
10: amplification of E. granulosus DNA with Eg9 PCR, followed by cleavage with enzyme 
Cfol] lane 11 : amplification of E. granulosus DNA with Eg9 PCR, followed by cleavage with 
enzyme Rsal] lane 12: amplification of E. granulosus DNA with Eg16 PCR. 


M123456 78C9 10 1112 



Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 11, No. 12, December 2005 


1973 



LETTERS 


4 simultaneous Markov chains over 2 
million generations, sampled every 
100 generations, and ended with a cal- 
culation of a 50% majority rule con- 
sensus tree. On the phylogenetic tree, 
sequences of Estonian isolate group 
together with those of other E. multi- 
locularis isolates from different coun- 
tries and were clearly separated from 
those of all other species (data not 
shown). The results of genetic analy- 
sis confirmed morphologic identifica- 
tion of E. multilocularis. 

This study reports a new location 
of E. multilocularis in Europe. 
Estonia is the northernmost country 
on the mainland of the continent 
where E. multilocularis has been 
described. Because no studies have 
been published on the occurrence of 
E. multilocularis in Estonia in either 
foxes or rodents, whether this report 
identifies a stable endemic area or 
whether the parasite has expanded its 
range recently cannot be determined. 
Although a limited number of foxes 
were examined, the occurrence of E. 
multilocularis appears to be frequent 
and widespread in Estonia, which 
poses a risk for putatively parasite- 
free adjacent countries in Eenno- 
scandia. 
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Influenza Virus 
Infection in Racing 
Greyhounds 

To the Editor: Influenza is global- 
ly the most economically important 
respiratory disease in humans, pigs, 
horses, and fowl (I). Influenza virus is 
known for its continuous genetic and 
antigenic changes, which impeded 
effective influenza control (1,2). More 
importantly, emergence of a new sub- 
type by genetic reassortment or inter- 
species transmission is of great con- 
cern for preventing influenza epi- 
demics and pandemics (1). Recently, 
influenza outbreaks have occurred in 
species (feline and canine) that histor- 
ically do not carry influenza virus 
(3,4), which alerted both regulatory 
and scientific communities to expan- 
sion of the host range of influenza 
virus. We report an outbreak of respi- 
ratory disease by influenza virus 
infection in Iowa racing greyhounds 
after influenza outbreaks in Elorida in 
2004. 

In mid- April, an influx of racing 
greyhounds into Iowa greyhound 
tracks resulted in outbreaks of respira- 
tory disease within the track com- 
pounds. The disease was character- 
ized by rapid onset of fever and 
cough, rapid respiration, and hemor- 
rhagic nasal discharge. The illness 
rate was almost 100% in both race- 
track compounds, although the death 
rate was <5%. Most affected dogs 
recovered, yet many died of hemor- 
rhagic pneumonia. Therapeutic 
administration of broad-spectrum 
antimicrobial drugs reduced the 
severity of the disease but could not 
control it. 

Tissue samples from 4 animals that 
died of severe pneumonia were sub- 
mitted to the Iowa State University 
Veterinary Diagnostic Laboratory. 
The animals represented 2 different 
racing tracks located in eastern and 
western Iowa. On gross examination, 
lungs exhibited extensive red to red- 
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black discoloration with moderate to 
marked palpable firmness. Mild fibri- 
nous pleuritis was also noted. 
Microscopically, lung sections were 
characterized by severe hemorrhagic 
interstitial to bronchointerstitial pneu- 
monia. Patchy interstitial change with 
alveolar septal thickening, coagula of 
debris in alveoli, and associated 
atelectasis were evident. Focally 
extensive pyogranulomatous bron- 
chointerstitial pneumonia with dilata- 
tion of airways by degenerate cells 
and debris was observed. Scattered 
vasculitis and vascular thrombi were 
apparent. 

Microbiologic testing for conven- 
tional viral and bacterial agents did not 
show any important pathogens except 
Streptococcus equi subsp. zooepidemi- 
cus from lung tissues of all animals 
examined. Two of the 4 lung samples 
were positive for influenza A virus by 
a real-time reverse transcription- 
polymerase chain reaction (RT-PCR) 
(5). Viral pneumonic lesions of both 
lungs were positive for innnunohisto- 
chemistry (IHC) with monoclonal anti- 
body specific for the nucleoprotein of 
influenza A virus (6) and with antigen- 
capturing enzyme-linked immuno- 
sorbent assay {Directigtn Flu A, 
Becton-Dickinson, Sparks, MD, 
USA). Bronchioalveolar lavage sam- 
ples from the 2 positive lungs were 
also positive by RT-PCR for influenza 
A virus. 

Virus isolation was attempted; the 
influenza virus in canine lungs was 
unexpected since no influenza virus 
infection in dogs had been reported, 
except a recent communication at a 
meeting of veterinary diagnosticians 
(4). A virus that was able to aggluti- 
nate rooster erythrocytes was isolated 
in Madin-Darby canine kidney cells 
from lung and bronchioalveolar 
lavage fluid of 1 of the 2 animals in 
which influenza virus was detected by 
IHC and RT-PCR. Isolates were deter- 
mined by RT-PCR to be influenza A 
virus of H3 subtype. The US 
Department of Agriculture National 


Veterinary Services Laboratory 
(Ames, I A) subtyped the virus isolates 
(A/Canine/Iowa/ 13628/2005) as 
H3N8 by using hemagglutination- 
inhibition assay and neuraminidase- 
inhibition assay. 

Sequencing hemagglutinin (HA) 
and neuraminidase (NA) genes of 
both isolates showed 100% and 
99.8% identity, respectively, between 
the 2 isolates. Phylogenetically, the 
HA gene (GenBank accession no. 
DQ 1464 19) of the isolates was genet- 
ically close (96%-98% nucleotide 
homology) to the HA gene of recent 
H3N8 equine influenza viruses (7). 
The NA gene (DQ 146420) of the iso- 
lates also showed 96%-98% homolo- 
gy with the NA gene of recent H3N8 
equine influenza viruses. Internal 
genes remain to be sequenced. 

In conclusion, recent outbreaks of 
hemorrhagic pneumonia and associat- 
ed deaths in Iowa racing greyhounds 
were primarily due to infection by an 
H3N8 influenza virus genetically and 
antigenically similar to equine influen- 
za viruses. This conclusion can be sup- 
ported by a previous report of fatal 
hemorrhagic pneumonia by H3N8 
virus infection in racing greyhounds in 
Florida (4). The fact that greyhounds 
in 2 different racetracks, which are in 
geographically remote sites in Iowa, 
simultaneously died of the disease 
without the involvement of sick horses 
suggests that the influenza virus isolate 
is likely a canine-adapted strain and 
able to perpetuate and spread among 
dogs. While influenza virus infection 
was likely responsible for the disease 
outbreaks, the contribution that S. 
zooepidemicus might have made to the 
disease and the severity of clinical 
manifestations remains to be further 
evaluated since the bacterium has been 
implicated in respiratory disease and 
septicemia-associated problems in 
many different animal species (8,9). 
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Syngamoniasis 
in Tourist 

To the Editor: Mammonogamus 
laryngeus (Syngamus laryngeus) is a 
nematode parasite found in the larynx 
of tropical mammals (1), especially 
cattle and cats and occasionally 
humans (2). We report a case in a 65- 
year-old Caucasian man who visited 
Brazil from July 20 to September 9, 
2004. The patient stayed in Rio de 
Janeiro and Ilheus in northern Brazil. 
He ate local food, including salads, 
raw vegetables and fruits, and drank 
what he assumed was safe water. 

Upon return to Portugal in 
September 2004, the patient experi- 
enced a cough and fever. He was seen 
in an emergency service and chest 
radiograph indicated infiltration in the 
left inferior lobe, the right basal 
hilum, and right apex. A complete 
blood count revealed a leukocyte 
count of 9,700/mm3, polymor- 
phonuclear leukocytes and 2.1% 
eosinophils. He was treated with 
antimicrobial drugs; a week later a 
radiograph showed bronchovascular 
markings. The patient failed to follow 
recommendations and in mid- 
October, he returned to the hospital 


with a persistent cough and expecto- 
ration. 

In late November the patient had a 
persistent cough with hemoptysis. He 
was given antimicrobial drugs; a com- 
puted tomographic scan showed an 
infiltration, a sequela to pneumonia, 
localized in the left superior lobe. 
Symptoms persisted, and bronchofi- 
broscopic examination in January 
2005 showed thickening of the bilat- 
eral bronchovascular bundles and dis- 
crete diffuse inflammation in the 
bronchial mucosa. A Y-shaped worm, 
moving and wrapped in viscous, 
bloody mucus, was seen around the 
right medial bronchus. A worm was 
seen in the left main bronchus and, 
upon closer examination, a male and 
female worm in copula were seen. 
The worms removed with forceps and 
identified as M. laryngeus (Figure). 
Eggs from the female were character- 
istic of the species. 



Figure. Male and female Mammonogamus 
laryngeus recovered from the bronchial 
mucosa. 


The patient was treated with alben- 
dazole 200 mg, 3x/day for 3 days, fol- 
lowed by mebendazole 100 mg, 
3x/day for 3 days. The cough and 
hemoptysis clinically improved and 
abated by early February. 

The genus Mammomonogamus 
consists of 2 major species, M. laryn- 
geus and M. nasicola. The former is a 
parasite of the laryngotracheal region 
of bovids and felines, and the latter is 
found in the nasal fossa of bovids. M. 
laryngeus and M. nasicola belong to 
the family Syngamidae that contains 
the gape worm of birds, S. trachea. 

Possibly 100 human infections (3), 
most caused by M. larygeus, have 
been reported from the Caribbean 
Islands and South America, especially 
Brazil, with other reports from 
Australia, Canada, the United States, 
France, United Kingdom (4), the 
Philippines (2), Thailand (5), and 
Korea (6). Many of the cases reported 
outside of the Caribbean and South 
America were usually acquired while 
the patient was visiting areas where 
M. larygeus was endemic. Naturally 
infected ruminant host are found in 
tropical America, India, Africa, 
Malaysia, the Philippines, and 
Vietnam (7). 

M. laryngeus is blood red; the 
males are joined permanently to the 
female and are characteristically Y 
shaped (Figure). The males are ~3 nnn 
and the females are ~10 mm in length. 
The mouth opening is wide, and the 
buccal capsule is cup- shaped with 
8-10 small teeth. The worms attach to 
the mucosa of the larynx in animals 
and cause bronchitis and cough. 

The means of transmission of M. 
laryngeus is unknown but it is 
assumed to be similar to that of S. tra- 
chea^ which is acquired by ingesting 
an embryonated egg, hatched larvae, 
or a paratenic host such as earth- 
worms, snails, or arthropods. The 
patient in our case could have been 
infected by eating contaminated raw 
vegetation or drinking contaminated 
water while traveling through Brazil. 
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The life cycle of M. laryngeus is not 
completely known, but it is assumed 
to be similar to S. trachea, which pen- 
etrates the intestinal wall and migrates 
through the body of the animal to the 
tracheolaryngeal region (8). Eggs pro- 
duced are deposited in the tracheal 
mucosa, swallowed, and pass in the 
feces. 

Chronic cough and fever are the 
major symptoms associated with M. 
laryngeus in humans, with occasional 
reports of hemoptysis when the 
worms are in the bronchus. Worms in 
the larynx may cause irritation and a 
crawling or scratching sensation. 
Symptoms of asthma have been 
reported, and leukocytosis and 
eosinophilia may occur. Our patient 
had respiratory symptoms, persistent 
cough, and hemoptysis, without 
leukocytosis or eosinophilia. 

The diagnosis of parasitosis is usu- 
ally made by finding expectorated 
worms or visualizing by bron- 
choscopy and removal by forceps. 
Eggs may be found in sputum or 
feces. In our case, eggs were not 
found in sputum or feces. 

The worms are coughed up by the 
patient or removed with forceps dur- 
ing bronchoscopy. When anti- 
helmintics such as mebendazole and 
albendazole have been used, patients 
have reported improvement. 

Although mammomonogamiasis 
may not be considered an emerging 
parasitosis, physicians should be 
aware of the condition especially in 
patients with pulmonary symptoms 
who visited disease-endemic areas. 
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Human 

Angiostrongylus 

cantonensis, 

J amaica 

To the Editor: Angiostrongylus 
cantonensis is the most common 
cause of eosinophilic meningoen- 
cephalitis worldwide (1). The para- 


site’s presence has been well docu- 
mented in Jamaica in rats (definitive 
host) and a variety of mollusks (inter- 
mediate hosts); infections occur in 
humans sporadically on the island. 
However, the mode of transmission of 
infections to humans in Jamaica, 
where raw or undercooked mollusks 
are not usually eaten, is not well 
understood (2). 

An outbreak of A. cantonensis 
occurred among American medical 
students vacationing in Jamaica in 
2000. An epidemiologic investigation 
identified the probable source of infec- 
tion (Caesar salad), but no biologic 
contaminant was determined (2). 
During a field investigation of A. can- 
tonensis, we spoke with local farmers 
and vendors to identify possible routes 
of food contamination. While our 
observations were preliminary and 
anecdotal in nature, our findings pro- 
vide valuable insight into local trans- 
mission and control of this parasite. 

Humans can become infected by 
eating the intermediate hosts, slugs 
and snails, of A. cantonensis. 
Ereshwater shrimp serve as paratenic 
hosts and reservoirs of infection for 
humans, both naturally and experi- 
mentally (3,4). Most reports of 
Jamaican eating practices indicate 
that terrestrial snails and slugs are not 
eaten and that shrimp and other meats 
are always eaten well cooked (5). 
However, during interviews with a 
farmer near Mavis Bank, a rural area 
outside of Kingston, and fishermen at 
the Coronation Market, Jamaica’s 
largest fresh produce market, we dis- 
covered that freshwater and saltwater 
shrimp, as well as mussels (paratenic 
hosts), are occasionally eaten raw. 
Ereshwater shrimp or mussels are 
eaten, particularly by men, directly 
from rivers and streams, and freshwa- 
ter and saltwater bait shrimp are eaten 
by fishermen. 

In Jamaica, molluscicides are rou- 
tinely applied to growing vegetables 
such as cabbage, lettuce, and bok 
choy to keep snails and slugs away. 
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although this practice is not effective. 
Snails and slugs withdrew from pro- 
duce after the molluscicide was 
applied to surrounding vegetation, but 
returned after several days. We pur- 
chased a lettuce head that had been 
reportedly treated with molluscicides 
at the Coronation Market and found a 
small slug inside. The role of produce 
in transmitting A. cantonensis is still 
unclear; humans may become infect- 
ed by inadvertently consuming small 
slugs or other infected hosts or by 
consuming produce directly contami- 
nated with larvae. Infections in slugs 
have not been found in previous stud- 
ies conducted on the island (2). 
Regardless, the use of molluscicides 
to limit human infection from produce 
is an ineffective strategy. 

At the Coronation Market, vendors 
repeatedly used a bucket of water to 
rinse vegetables before displaying 
them. This practice could transmit A. 
cantonensis in 2 ways. First, if free lar- 
vae are deposited on vegetables in 
either the slime or feces of mollusks, 
cross contamination can occur. 
Second, dead or decaying intermediate 
hosts may release larvae into water (6). 
If infected mollusks were rinsed from 
vegetables into the buckets, the water 
could become contaminated with lar- 
vae. While cross-contamination by 
connnon wash buckets has not been 
implicated in an outbreak of a parasitic 
infection, it has been linked to out- 
breaks of other infectious agents (7,8). 

Vendors at venues such as 
Coronation Market primarily buy pro- 
duce to sell. These vendors typically 
purchase their produce from interme- 
diaries who purchase and transport it 
from farms in outlying areas. As a con- 
sequence, many vendors are unsure of 
the farm or region from which their 
produce came. This practice makes it 
difficult, if not impossible, for health 
officials and researchers to isolate and 
link etiologic agents with particular 
produce items or regions and compli- 
cates the investigation of any food- 
borne infection. 


A. cantonensis is an important par- 
asitic agent in Jamaica for which a 
definitive route of infection is often 
not found. We found that potential 
paratenic hosts are occasionally eaten 
raw. Because of the high prevalence 
of A. cantonensis infection in mol- 
lusks in certain parts of Jamaica, con- 
sumption of raw, infected shrimp may 
be a source of sporadic angiostron- 
gyliasis on the island. Control of A. 
cantonensis is complicated because of 
the apparent ineffectiveness of mol- 
luscicides, the potential for cross-con- 
tamination of produce at markets, and 
the difficulty of tracking produce and 
other products to their source. 
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Nipah Virus Strain 
Variation 

To the Editor: AbuBakar et al. 
described strain variation in Nipah 
virus during the 1998-1999 outbreak 
in Malaysia (1). They found an isolate 
from pigs in Perak, as well as from a 
flying fox, that differed markedly 
from pig and human isolates from the 
main epidemic in southern Malaysia. 
AbuBakar et al. proposed that this 
finding indicates 2 separate spillover 
events from bats to pigs occurred, the 
first in Perak in 1998 and the second 
in southern Malaysia in 1999. 
However, investigations at the time of 
the outbreak showed that many pigs 
were moved from Perak onto southern 
farms in early 1999. We suggest that 
successive spillovers of the pig popu- 
lation in the north can also explain the 
observed strain differences between 
northern and southern isolates. 

A model from experimental stud- 
ies and active farm data demonstrate 
that Nipah virus may have circulated 
repeatedly and become endemic 
within 1 or several large pig farms in 
Perak (J.R.C. Pulliam, unpub. data), 
which is consistent with the occur- 
rence of human cases in Perak before 
the 1998-1999 outbreak. Evolution 
of the virus population in pigs, fol- 
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lowed by the reintroduction in Perak 
of the original strain from bats and its 
subsequent southward movement in 
infected pigs, would explain 
observed strain differences. Models 
suggest that evolution of the virus 
within pig populations would result 
in lower death rates but prolonged ill- 
ness. Although the pig-adapted virus 
strain may have circulated on both 
northern and southern farms, sam- 
pling biases in favor of the more vir- 
ulent strain would be expected in 
areas of high death rates, which 
would explain the observed genetic 
relationships between sequenced iso- 
lates. 

We suggest that pigs be experi- 
mentally infected with the Perak 
strain of Nipah virus to determine 
whether differences exist in illness 
and death caused by this virus. 
Further sequencing of virus from 
archived pig samples will clarify with 
greater confidence whether multiple 
strains circulated in both regions. 
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In response: Pulliam et al. (1) pre- 
sented a model to help explain the 
observed Nipah virus (NV) strain dif- 
ferences reported earlier by AbuBakar 
et al. (2). The model is built around an 
assumption that NV was endemic in 
several pig farms in the north of 
Malaysia and that a subsequent rein- 
troduction of the original NV caused 
the fatal encephalitis outbreak in 
1998. 

While the model is plausible, that 
NV infection was endemic among 
pigs before the 1998 outbreak is diffi- 
cult to imagine in the absence of veri- 
fiable evidence. As with any virus that 
crosses species, NV would likely have 
caused severe infection, and what 
happened in 1998 is a classic exam- 
ple. Before NV could have evolved, 
become less virulent, and subsequent- 
ly become endemic, it would have 
been first introduced to pigs. This ini- 
tial introduction would have caused 
an outbreak, but no such outbreaks 
were reported before 1998. 
Furthermore, the life span of pigs 
reared in farms is relatively short 
before they are sent to the markets, 
which limits the time in which NV 
evolution could take place. 
Slaughtering these pigs would also 


have caused infection among abattoir 
workers and pork handlers. At pres- 
ent, the finding of 2 different NV 
strains from 2 different outbreak foci 
favors the suggestion that 2 possibly 
overlapping NV outbreaks occurred in 
Malaysia in 1998. Further investiga- 
tion of NV archived materials would 
shed further light into the possible ori- 
gin of NV in the 1998 Malaysia out- 
breaks. 

Sazaly AbuBakar* 

*University Malaya, Kuala Lumpur, 
Malaysia 

References 

1. Pulliam JRC, Field HE, Olival KJ, and the 
Henipavirus Ecology Research Group. 
Nipah virus strain variation. Emerg Infect 
Dis. 2005;11:1978-9. 

2. AbuBakar S, Chang L-Y, Mohd Ali AR, 
Sharifah SH, Yusoff K, Zamrod Z. Isolation 
and molecular identification of Nipah virus 
from pigs. Emerg Infect Dis. 
2004;10:2228-30. 


Address for correspondence: Sazaly AbuBakar, 
University Malaya, Department of Medical 
Microbiology, Faculty of Medicine, Kuala 
Lumpur 50603, Malaysia; fax: 603-7967-5757; 
email: sazaly @um.edu.my 


T richinellosis 
Outbreak 

To the Editor: Trichinellosis is a 
zoonotic disease caused by the nema- 
tode Trichinella. Although now 
uncommon as a result of public health 
control measures, trichinellosis out- 
breaks have been reported in the 
United States (1), Europe (2,3), 
Mexico (4), Thailand (5), Canada (6), 
Lebanon (7-10), and elsewhere. 

In Israel, the disease is rare 
because most Jewish and Muslim cit- 
izens avoid eating pork. Until 1997, 
only 6 small outbreaks were reported 
in humans; they occurred mostly in 
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the Christian Arab population. 
However, from 1998 to 2004, 10 sim- 
ilar trichinellosis outbreaks involving 
200 Thai migrant agricultural workers 
occurred. The workers all took part in 
festive meals whose main dish was 
uninspected wild boar, hunted in the 
Upper Galilee in northern Israel, near 
the Lebanese border. Wild boar was 
also the source of several large out- 
breaks that were reported from 1975 
to 1997 in southern Lebanon (7-10). 

We report an outbreak among a 
group of 47 male Thai workers (mean 
age 32 years). The workers participat- 
ed in a festive meal where the impli- 
cated wild boar meat was served. Two 
weeks later, 26 of them had symptoms 
of trichinellosis. Serologic tests were 
performed on all 47 workers 2-4 
weeks after they ate the infected meat 
(first time point), 6 and 8 weeks later 
(second time point), or both. The 
specimens were tested for innnuno- 
globulin G antibodies to Trichinella 
spiralis with the LMD Elisa kit lot 
9910231 (Alexon-Trend, Ramsey, 
MN, USA). According to the kit 
insert, absorbance readings >0.3 opti- 
cal density (OD) units are positive. 

A case-patient was defined as a 
worker who had >1 of the following 
symptoms of trichinellosis: muscle 
soreness, edema of upper eyelids, 
fever, ocular symptoms, gastrointesti- 
nal symptoms, maculopapular rash, or 
pulmonary symptoms. Workers with 
no clinical symptoms were divided 
into 2 subgroups. Asymptomatic case- 
patients were workers with >1 positive 
serologic test result with or without 
elevated absolute eosinophil count. 
Nonpatients were workers whose 
serologic results remained negative 
during the 2 months of study, with nor- 
mal absolute eosinophil count. 

At the onset of symptoms, 2 weeks 
after the meal, 26 patients arrived at 
the emergency room of Barzilai 
Hospital, Ashkelon, with abdominal 
pain with various degrees of myalgia 
(23 [88%]), fever (3 [11%]), perior- 
bital edema (11 [42%]), headache (12 


[46%]), rash (9 [34%]), and cough (1 
[4%]). Only 1 patient did not serocon- 
vert during the 2-month study. 

Of 18 symptomatic patients, 13 
(72%) were positive at the first time 
point (mean + standard deviation 
[SD] OD 0.87+ 0.80; in another 
4 patients, seroconversion was 
observed at the second time point. At 
this second time point, 21 persons 
were tested, and 20 (95%) were posi- 
tive (OD 2.89 + 1.16). Five patients 
showed moderate eosinophilia 
(1. 0-5.0 X 10^ cells/L), and 4 patients 
had marked eosinophilia (>5.0 x 10^ 
cells/L). No direct correlation was 
observed between severity of symp- 
toms, degree of eosinophilia, and anti- 
body levels (OD). 

Of the 21 asymptomatic workers, 7 
did not have cases of trichinellosis, 
and 14 (67%) had >1 positive sample. 
At the first time point, 12 workers 
were tested; 7 (58%) were positive 
(OD 0.64 + 0.91). At the second time 
point, seroconversion was observed in 
4 other workers. At this time, 14 per- 
sons were tested; 10 (71%) were pos- 
itive (OD 1.76 + 1.62). In this group, 
1 person had moderate eosinophilia, 
and 2 had marked eosinophilia. 

All the persons who ate the infect- 
ed meat were treated with mebenda- 
zole, 5 mg/kg twice a day for 5 days. 
All symptomatic patients recovered. 


Epidemiologic investigation indicated 
that 1 large piece of meat was put in 
boiling water for just a few minutes 
before being eaten. The meat that 
remained from the meal was exam- 
ined microscopically, and encysted 
Trichinella larvae were identified 
(Figure). 

The attack rate in this outbreak 
was higher (85%) than that in other 
published outbreaks. One explanation 
for this high rate could be that our 
case definition was broader and 
included any exposed person who had 
a positive serologic result during the 
2-month study period. Moreover, all 
those who ate the investigated meal 
gave at least 1 blood sample. In other 
outbreaks, only samples from acute 
symptomatic patients were taken (8), 
the follow-up was incomplete because 
some patients did not return for con- 
valescent-phase serologic testing (8), 
or not all the affected persons were 
studied (7). 

This outbreak demonstrates the 
need to increase awareness and 
knowledge of trichinellosis and its 
epidemiologic features among med- 
ical personnel, public health teams, 
and workers. Health education and 
promotion are important for migrant 
workers, who should be reached and 
informed about how to prevent 
trichinellosis. 



Figure. Trichinella larvae in a sample of infected meat (light microscopy, x100). 
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Ciguatera Fish 
Poisoning, Canary 
Islands 

To the Editor: Ciguatera out- 
breaks usually occur in the area 
between 35° north and 35° south lati- 
tude, mainly in the Caribbean, Indo- 
Pacific islands, and the Indian Ocean 
(1-5) (Figure). Occasionally, ciguat- 
era poisoning has been reported out- 
side disease endemic areas, such as 
the Bahamas, Canada, or Chile, but no 
case had been described in the West 
African region until now. European 
and Spanish cases have been rarely 
described and are mainly associated 
with seafood imported from disease- 
endemic regions (6). 

Ciguatera fish poisoning is a clini- 
cal syndrome caused by eating con- 
taminated fish (1). The causative tox- 
ins of its clinical manifestations are 
ciguatoxins (7). These toxins are 
transmitted by dinoflagellates of the 
species Gambierdiscus toxicus, which 
lives adhered to damaged coral reefs 
in tropical seas (2). Herbivorous fish 
species accumulate toxins in their 
musculature, liver, and viscera after 
ingesting dinoflagellates. Larger 
marine carnivores eat contaminated 
fish and concentrate ciguatoxins (1,2). 

More than 425 species of fish are 
associated with ciguatera poisoning in 
humans. The most commonly impli- 
cated fish are barracuda, red snapper, 
grouper, amberjack, sea bass, sur- 
geonfish, and moray (eel) (2,3). In 
January 2004, 2 fishermen captured a 
26-kg amberjack (local name: 
Medregal Negro; scientific name: 


Seriola Rivoliana) while scuba diving 
along the coast of the Canary Islands, 
Spain. The fishermen filleted the fish 
and stored fillets in a household freez- 
er. Within a few days, one of the fish- 
ermen and 4 family members con- 
sumed some fish, and neurologic and 
gastrointestinal symptoms developed 
within 30 minutes to 28 hours. The 5 
family members sought treatment at 
the emergency room of Hospital de 
Fuerteventura and the Outpatient 
Clinic of Infectious Diseases and 
Tropical Medicine Service of Hospital 
Insular de Las Palmas. 

The 5 family members exhibited a 
combination of gastrointestinal (diar- 
rhea [4 persons], nausea/vomiting [3 
persons], metallic taste [1 person]), 
cardiologic (heart rhythm distur- 
bances [2 persons]), systemic (fatigue 
[5 persons], itching [3 persons], dizzi- 
ness (1 person]), and neurologic man- 
ifestations (myalgia [3 persons], 
peripheral paresthesia [3 persons], 
perioral numbness [2 persons], and 
reversal of hot and cold sensations [3 
persons], which is pathognomonic of 
ciguatera poisoning). These clinical 
observations and laboratory data were 
collected from a prospective question- 
naire filled in by physicians at the 
patients’ first visits. No hematologic 
or biochemical abnormalities were 
detected in any patient. Based upon 
the symptomatic profiles, relation- 
ships of the patients, and their com- 
mon dietary histories, ciguatera intox- 
ication was diagnosed in all. None of 
the patients required hospitalization. 
The neurologic and gastrointestinal 
symptoms resolved over several 
weeks, but intermittent recurrence of 
some symptoms, at lower intensities, 
was noted for several months. 

A portion of the implicated fish 
was recovered from freezer storage at 
the fisherman’s home. A solid-phase 
membrane immunobead assay with a 
monoclonal antibody directed against 
Pacific ciguatoxins and related poly- 
ether toxins was used to detect cigua- 
toxins or other antigenicahy related 
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Figure. Worldwide distribution of ciguatera. Gray indicates coral reef regions located 
between 35° north and 35° south latitudes; darker gray indicates disease-endemic areas 
of ciguatera; black circle indicates Canary Islands (latitude 28T)6' north, longitude 15°24' 
west. Source: refs. 4 and 5. 


substances in fish tissues. Results 
were positive. 

A 150-g sample of the fish was 
delivered to the US Food and Drug 
Organization’s Gulf Coast Seafood 
Laboratory, Dauphin Island, Alabama, 
USA, for sodium channel-specific in 
vitro assay (8) and liquid chromatog- 
raphy-mass spectrometry (LC/MS/ 
MS) analysis. Assay results were pos- 
itive and the ciguatoxin content of the 
fish sample was estimated to be 1.0 
ppb (ng/g). Caribbean ciguatoxin 
(CCTX-1: MH-h m/z 1141.6) was 
confirmed by LC/MS/MS by using 
multiple reaction monitoring (9). The 
amount of ciguatoxin in the fish tissue 
estimated by in vitro assay was low, 
and close to the limit the LC/MS/MS 
method can detect. At least 2 addition- 
al toxins were detected in the fish 
sample by in vitro assay of liquid 
chromatography fractions. We cannot 
rule out the possibility that these tox- 
ins represent new ciguatoxinlike 
structures unique to the eastern 
Atlantic. Further studies are necessary 
to elucidate all toxins implicated in 
this outbreak. 

Classic symptoms of ciguatera 
developed in our patients after eating 
a fish they captured in the Canary 


Islands, which are not in the ciguat- 
era-endemic zone (Figure). The pre- 
liminary results of this outbreak 
investigation suggest the presence of 
ciguatoxins or ciguatoxinlike struc- 
tures in fish from temperate waters of 
the eastern Atlantic. Ciguatera poison- 
ing is a matter of public health con- 
cern and residents of coastal West 
Africa and the regional island archi- 
pelagos could be a new community at 
risk for this seafood intoxication syn- 
drome. We emphasize that ciguatera 
poisoning is a debilitating disease, 
and therapeutic intervention strategies 
are very limited (10). 
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Human Rabies in 
China 

To the Editor: Rabies has occurred 
in China for >2,000 years and was first 
described in -556 BC (1). Since 1950, 
human rabies has been a class II noti- 
fiable disease in China, and the annual 
number and distribution of human 
rabies cases have been archived. We 
examined the archived data from 1950 
to 2004 and analyzed epidemiologic 
characteristics. 

During the 5 5 -year period, 
108,412 human rabies cases were 
recorded in China. The Figure shows 
the number of annual cases from 1950 
to 2004; 3 major epidemics of human 
rabies in China are apparent. In the 
early 1950s, only a few cases 
occurred; the first peak occurred from 
1956 to 1957 with -2,000 cases each 
year. Then the number of cases 
declined during subsequent years and 
was relatively constant throughout the 
1960s. By 1969, the number of cases 
increased again to -2,000. This 
ascending phase continued through- 
out the 1970s and 1980s. The second 
epidemic peaked in the early 1980s. 
In 1981, 7,037 cases were recorded, 
the largest number of cases in a single 
year during the 5 5 -year period. 
During the 1980s, 55,367 cases were 
reported (>5,000 cases annually), rep- 
resenting >50% of the 108,412 cases 
seen during the entire period. In the 
early 1990s, the number of 
human cases decreased 
dramatically from 3,520 in 
1990 to 159 in 1996. 

However, this downward 
trend reversed its course in 
1998, and annual cases 
have increased gradually 
since then. In 2004, a total 
of 2,651 cases were report- 
ed, an increase of >16 fold 
when compared with the 
numbers in 1996. This 
third rabies epidemic 
apparently has not yet 
peaked. 


The compiled data also showed 
substantially more rabies cases in the 
sunnner and autumn than in the spring 
and winter. Similar seasonality was 
reported in animals (2), indicating the 
pattern of transmission from animals 
to humans. Rabies patients range in 
age from infancy to >65 years of age. 
The ratio of male to female victims is 
68 to 32. Although human rabies has 
been reported in almost all provinces, 
15 provinces have had >1,000 cumu- 
lative cases each. These provinces are 
Hunan, Guangdong, Sichuan, 
Guangxi, Guizhou, Hubei, Jiangxi, 
Shandong, Henan, Anhui, Jiangsu, 
Hebei, Fujian, Yunnan, and Liaoning. 
These 15 provinces account for >93% 
of the total cases. Four provinces 
(Hunan, Guangdong, Sichuan, and 
Guangxi) have had >7,000 cumulative 
cases each. 

Most of the human patients were 
infected with rabies by dog bites. The 
number of dogs has increased gradu- 
ally in China since the late 1970s. 
Now -70% of households in Guangxi, 
Guizhou, and Jiangsu, and Hunan, 
where the most cases were recorded in 
recent years, have >1 dog (data not 
shown). However, the rate of dog vac- 
cination remains -3%. 

The rabies epidemics in China 
since 1950 may be partially explained 
by dog population dynamics. The first 
major epidemic subsided at the end of 
the 1950s and the beginning of the 


1960s, coinciding with pet reduction 
policy. The second major epidemic 
peaked in the late 1970s and early 
1980s, when economic reforms were 
initiated in China and the dog popula- 
tion increased dramatically. Popu- 
lation immunity may also play a role 
in these cyclic epidemics. However, 
neither the dramatic decline of rabies 
cases in the early part of 1990s nor 
the initiation of the third epidemic 
around the turn of the millennium 
could be explained simply by dog 
population dynamics. Other factors 
may include untimely and inappropri- 
ate postexposure treatment (3,4) and 
the existence of healthy carrier dogs 
(5-7). Wounds of 118 of 178 patients 
were not treated; 60 of the patients 
washed the wounds with soap and 
water. A total of 129 (72%) patients 
did not receive vaccine. Of the 
remaining 49 (28%) patients, 35 
received vaccination in a timely man- 
ner. Two of the 178 patients received 
antirabies serum intramuscularly. 
Among the 49 patients who received 
postexposure vaccination, 30 did not 
complete the immunization require- 
ments. Healthy carriers have been 
detected, and rabies virus antigen was 
found in 25 (10%) of 248 brain spec- 
imens from healthy dogs collected 
from Guangxi, Guizhou, and Jiangsu 
(data not shown) in 1 study. Further 
investigation is needed to confirm 
these findings. 

In summary, rabies remains 
a public health problem in 
China. Strategies to control and 
prevent human rabies include 
public education and aware- 
ness about rabies, pet vaccina- 
tion programs, elimination of 
stray animals, and enhanced 
postexposure management. In 
addition, the large number of 
rabies cases should encourage 
rabies prophylaxis for foreign 
travelers before they visit 
China, particularly those who 
might travel to rural areas. 



1950 1954 1958 1962 1966 1970 1974 1978 1982 1986 1990 1994 1998 2002 

Figure. Annual rabies cases reported in China from 1950 to 2004 
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Resistant 
Salmonella 
Virchow in Quail 
Products 

To the Editor: Salmonella spp. 
resistant to multiple antimicrobial 
agents have emerged worldwide in 
recent years, but clinical relevance 
varies with the agent to which resist- 
ance evolves. Fluoroquinolones are 
often the drug of choice to treat gas- 
trointestinal infections in humans, and 
resistance to this class of antimicro- 
bial agents is associated with 
increased illness and death (1). 
Resistance to fluoroquinolones has 
emerged worldwide during the last 
decade. Salmonella isolates resistant 
to oxyiminocephalosporins because 
they produce extended- spectrum (3- 
lactamases (ESBLs) have emerged 
worldwide since 1992. This emer- 
gence has caused concern since 
cephalosporins are drugs of choice to 
treat salmonellosis in children, to 
whom fluoroquinolones must not be 
administered because of toxicity 
issues. In Denmark, the first ESBL- 
producing isolate of animal origin 
from a Salmonella enterica serovar 
Heidelberg isolated from a boar 
imported from Canada in 2003 was 
reported (2), but such isolates have 
not previously been reported in food 
products. 

On October 15, 2003, the Danish 
Institute for Veterinary Research, the 
national reference laboratory, 
received 3 Salmonella isolates found 
in quails imported from France. 
Salmonella isolates found at any 
importer’s laboratory in Denmark are 
submitted to the reference laboratory 
for further analyses. The quails were 
in the importer’s storage room at the 
time of sampling; sampling was per- 
formed routinely by the importer’s 
own laboratory. At the reference labo- 
ratory, the isolates were serotyped as 
S. enterica serovar Virchow and 
found resistant to ampicillin, ceftio- 


fur, cephalothin, nalidixic acid, and 
tetracycline and with reduced suscep- 
tibility to ciprofloxacin (MICs >0.125 
qg/mL) (3). Polymerase chain reac- 
tion detection and sequencing (4) 
showed that the (3-lactam resistance 
was mediated by ^/<7 ctx-m- 9- Pulsed- 
field gel electrophoresis was per- 
formed by using Xbal and Bln\ as 
restriction enzymes according to the 
PulseNet protocol (5), and all 3 iso- 
lates had the same profile. 

On October 23, the importer was 
informed of the laboratory’s findings 
and the increased risk associated with 
salmonella isolates simultaneously 
resistant to quinolones and 
cephalosporins. Based on this infor- 
mation, the importer withdrew the 
product from the supermarkets on 
October 24. Recently, S. enterica 
Virchow with been 

reported in poultry, poultry products, 
and humans in France (6), as well as 
humans in Spain (7) and the United 
Kingdom (8). The isolates from 
France were also resistant to nalidixic 
acid; the isolates we have obtained 
from fresh quails imported from 
France are possibly related to these 
isolates. 

The global food-products trade is 
expected to increase in the future. 
Thus, attempts to improve food safety 
must emphasize detection of antimi- 
crobial drug-resistant bacteria in 
imported food products. Furthermore, 
international agreements that limit 
contamination with drug-resistant 
bacteria and resistance genes at the 
primary production site are necessary 
to ensure consumer safety (9). 
International agreements must be 
based on antimicrobial-resistance data 
and early reports of emerging prob- 
lems. Recently, the World Health 
Organization (WHO) launched the 
Global Salm Surv program (10) to 
isolate and identify antimicrobial 
resistance to Salmonella globally. 

Many national and international 
rules, as well as marketing and con- 
sumer factors, regulate the interna- 
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tional trade of food products and live 
animals. Large international corpora- 
tions may also affect international 
trade. For example, McDonald’s 
Corporation has issued a global policy 
for antimicrobial drug use in food ani- 
mals that specifies requirements for 
their food product suppliers. Local 
groceries or supermarkets may also 
impose their own standards national- 
ly. We are aware of only 1 product 
withdrawal related to antimicrobial 
resistance, the quail imported from 
France. 

No international standards exist 
for managing food safety problems 
related to antimicrobial resistance. 
However, in 2003 the Food and 
Agriculture Organization of the 
United Nations, WHO, and the World 
Organisation for Animal Health joint- 
ly hosted a workshop with a panel of 
experts to scientifically assess resist- 
ance risks related to nonhuman use of 
antimicrobial drugs (9). The panel’s 
purpose was also to provide recom- 
mendations to the Codex 
Alimentarius Commission for future 
risk management of antimicrobial 
drug resistance (9). Imposing restric- 
tions on products with combinations 
of resistance, such as simultaneous 
resistance to quinolones and 
cephalosporins in Salmonella, as 
reported in this study, would be a 
good first step towards managing 
antimicrobial drug-resistance risks. 
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Vancomycin- 
resistant 
Enterococcus 
faecium Clone in 
Swine, Europe 

To the Editor: The use of antimi- 
crobial agents for growth promotion 
(AGP) in food-producing animals has 
been extensively debated because of 
the risk of establishing a reservoir of 
antimicrobial resistance genes or 
antimicrobial-resistant organisms of 
potential relevance for human health. 
This concern has motivated the pro- 
gressive ban of the use of different 
AGP in the European Union, which 
began in 1997 with avoparcin and will 
end in 2006 (1). Worldwide trade of 
living animals for food production or 
breeding and of meat products 
enables multidrug-resistant pathogens 
to spread across national borders. 

Intercontinental dissemination of 
antimicrobial-resistant bacteria asso- 
ciated with food animals has been 
described for particular clones such as 
Salmonella enterica Typhimurium 
DTI 04 or Escherichia coli 0157:H7 
and for transferable genetic elements 
such as the genomic island SGI or the 
streptococcal plasmid pRE25 (2). 
Vancomycin-resistant enterococci 
(VRE) in European farms were ini- 
tially associated with the intensive use 
of avoparcin; however, the persist- 
ence of VRE in food animal environ- 
ments after years of avoparcin with- 
drawal indicates that coselection by 
further antimicrobial or other agents, 
increased fitness of strains, and 
mobile genetic elements cannot be 
ruled out (1-3). 

A specific clone was recently 
detected among vancomycin-resistant 
E. faecium (VREF) isolated from dif- 
ferent swine farms in Denmark and 
Switzerland and from a healthy 
Danish woman without antimicrobial 
drug exposure who ate pork, chicken, 
and beef (4,5). Since Portugal and 
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Spain maintain commercial trade of 
food-producing swine (living or meat 
products) between them and with 
other European countries, including 
Denmark (http//:www.dgv.min-agri- 
cultura.pt/dgv.nsf), we investigated a 
possible relationship among VREF 
swine fecal isolates from Portugal and 
Spain and compared these isolates 
with the Swiss/Danish clone. We stud- 
ied 3 VREF from a Figueira da Foz 
slaughterhouse in central Portugal 
(1997-1998) and 3 VREF isolates 
from 3 Spanish slaughterhouses in 
Valencia, Lugo, and Murcia in east- 
ern, northern, and southern Spain, 
respectively (1998-2000). These iso- 
lates were recovered in the course of 
previous surveillance studies (C. 
No vais/I. Herrero, unpub data). 
Antimicrobial susceptibility was test- 
ed for 13 antimicrobial agents by 
using the agar dilution method (6). 
Clonal relationships were analyzed by 
pulsed-field gel electrophoresis 
(PFGE) and characterization of pur-K 
alleles by amplification and further 
sequencing (6,7; http://efaecium. 


mlst.net). Species identification, 
genes coding for antimicrobial resist- 
ance genes or for putative virulence 
traits, and the backbone structure of 
Tnl546 were analyzed by polymerase 
chain reaction followed by sequenc- 
ing when necessary (6,8). Broth and 
filter mating were performed by using 
E. faecium GEl as recipient strain (6). 

Following criteria published else- 
where (6), the VREF isolates studied 
were considered a single clone (0-4 
bands difference by PFGE). Some 
vancomycin- susceptible E. faecium 
swine isolates (VSEF) from Spain and 
Switzerland showed an Smal-FFGE 
pattern closely related to that of 
VREF isolates (data not shown; [4]). 

Representative VREF of each 
country harbored the allele 9 of the 
housekeeping gene purK, previously 
found among E. faecium isolates from 
swine and healthy persons (7). All 
VREF isolates were resistant to gly- 
copep tides (yanA), erythromycin 
[^rm(B)], and tetracycline. Two 
Spanish isolates were also highly 
resistant to streptomycin and 


kanamycin [aph(3')-IIIa] (Table). All 
VREF isolates tested carried a 
Tnl546 type D, previously found in 
isolates from food-producing animals 
(8). This element showed alterations 
in orfl and a G-T point mutation in 
the position 8234 at vanX. Transfer of 
vancomycin resistance was detected 
for the Swiss (4), Spanish, and 
Portuguese isolates and was associat- 
ed with erythromycin resistance in all 
cases. Tetracycline resistance was 
also transferable in the Spanish 
strains. No virulence traits were 
detected. 

We describe the simultaneous 
occurrence of a VREF strain among 
swine in 4 distant European countries 
for at least a 4-year period. Tnl546 
type D has been largely described in 
European swine isolates, which indi- 
cates stability of this particular type 
among the high diversity of Tnl546 
described to date (8). The finding of a 
group of genetically closely related 
strains, which include both VSEF and 
VREF isolates and which harbor a 
particular purYs. allele previously 


Table. Features of vancomycin-resistant Enterococcus faecium swine isolates from European countries* 


Antimicrobial drug susceptibility (mg/L)*t Resistance 


Isolate 

PFGE 

purK 

VC 

TC 

AMP 

TET 

ER 

CP 

CL 

GM 

KM 

SM 

LIN 

DA 

NIT 

genest 

Mating^ 

Portugal§ 

7S4 

A 

9 

>256 

256 

<2 

64 


<0,5 

8 

<256 

1,000 

<256 

2 

1 

64 

vanA 

erm(B) 

10“" 

8S1 

A3 

ND 

>256 

256 

<2 

32 

>32 

<0,5 

16 

<256 

<256 

<256 

2 

1 

64 

vanA 

erm(B) 

10“® 

35S2 

A4 

ND 

>256 

256 

<2 

64 

>32 

<0,5 

8 

<256 

<256 

<256 

2 

0.5 

32 

vanA 

erm{B) 

ND 

Spaing 

SI 

A1 

9 

>256 

128 

<2 

>64 

>32 

<0,25 

8 

<256 

>2,000 

>2,000 

2 

1 

64 

vanA 

erm(B) 

aphlll 

10“" 

S2 

A2 

ND 

>256 

128 

<2 

64 

>32 

<0,25 

8 

<256 

<256 

<256 

2 

2 

64 

vanA 

ermfB) 

10“" 

S8 

AV 

ND 

>256 

128 

<2 

>64 

>32 

<0,25 

8 

<256 

>2,000 

2,000 

2 

0.5 

64 

vanA 

erm(B) 

aphlll 

10“" 

Switzerland# 

4D 

A 

9 

>256 

64 

<2 

64 

>32 

<0,25 

<4 

<256 

<256 

<256 

2 

4 

64 

vanA 

erm(B) 

10“" 


*PFGE, pulsed-field gel electrophoresis; VC, vancomycin; TC, teicoplanin; AMP, ampicillin; TET, tetracycline; ER, erythromycin; CP, ciprofloxacin; CL, 
chloramphenicol; GM, high level of resistance to gentamicin; KM, high-level resistance to kanamycin; SM, high-level resistance to streptomycin; LIN, 
linezolid; DA, daptomycin; NIT, nitrofurantoin; ND, not done. All isolates were TN 7546 type D. 
fAntimicrobial resistance or resistance genes detected in transconjugants appear underlined. 

JConjugation frequency is expressed as transconjugants per donors. 

§First 2 isolates were collected in 1997; third in 1998. 

1|S1 was isolated in 1998; S2, 1999; and S8, 2000. 

#lsolate was collected in 1999. 
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associated with E. faecium swine 
strains, might mirror wide dissemina- 
tion of a host-specific clone more 
prone than others to acquire and 
spread different antimicrobial resist- 
ance, as reported for human clinical E. 
faecium isolates (9). Since enterococ- 
ci from swine are able to colonize in 
the human gut (5,7) and isolates har- 
boring purK-9 can be recovered from 
hospitalized patients with severe 
infections (10), specific swine entero- 
coccal strains might represent a risk 
for antimicrobial resistance spread in 
the clinical setting. Further analyses 
need to be performed to understand 
the role of international animal move- 
ments, animal feed, and colonized 
farmers in the spread of this particular 
strain and to assess whether this clone 
shows an increased fitness in the 
porcine intestine when compared to 
other E. faecium strains. 
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Rabies Vaccine 
Baits, Pennsyivania 

To the Editor: Oral rabies vaccine 
(ORV) programs control rabies in ter- 
restrial reservoir species by distribut- 
ing vaccine in baits (1). The current 
US -licensed ORV consists of a rabies 
virus glycoprotein gene inserted into 
the thymidine kinase gene of an atten- 
uated strain of the Copenhagen vac- 
cinia virus (V-RG) (2). Safety experi- 
ence includes extensive animal stud- 
ies (2,3) in which significant adverse 
effects were seen only with parenteral 
(but not mucosal) exposure of nude 
mice to V-RG (4). Usage monitoring 
(4,5) found only 1 human adverse 
complication to date (6). 

We report our experience monitor- 
ing pet and human exposure to V-RG 
as part of a multiagency federal-state 
cooperative program that distributed 
1,710,399 V-RG-laden baits from 
August 11, 2003, to September 17, 
2003, over 25,189 km^ of western 
Pennsylvania (human population ~3 
million). The baits consisted of a vac- 
cine-filled plastic sachet surrounded 
by a fishmeal polymer. Workers dis- 
tributed these baits on the ground from 
vehicles or by air from fixed-wing air- 
craft using conveyor belts. Aircraft did 
not release baits when over homes or 
other areas where humans or pets were 
likely to be present. Given the limita- 
tions of dispersing 1,421,517 baits at a 
frequency of 75 to 150 baits/km^ from 
200 m in the air, human habitat could 
not be totally avoided. 

Each bait was printed with a toll- 
free phone number. Phone calls were 
routed to a local or district health 
department where an ORV- specific 
form adapted from the Ohio State 
Health Department was used to col- 
lect uniform information about bait 
contact. 

During the 2003 campaign, 
Pennsylvania health departments and 
districts received 105 reports from 
persons who found 190 baits. This 
rate of reporting, 6.1 per 100,000 
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baits, is in the midrange of other pub- 
lished reports (0.12-50 per 100,000 
baits) (5,6). 

Of the 105 reports, 69 involved 
persons who picked up or had other 
skin contact with baits, and 8 reported 
likely contact with vaccine. Four 
involved persons who were hit by 
baits from the air. Seventy reports 
involved a pet or pets. In 66 reports, 
the pet was a dog. In 56 reports, a dog 
picked up the bait in its mouth. Eight 
of these dogs ate the bait, and another 
6 ruptured the plastic sachet. 

The only definite human exposure 
to vaccine occurred when a dog rup- 
tured a bait and contaminated its 
owner’s hands. Seven reports of pos- 
sible human contact with vaccine 
involved 10 persons. No documented 
adverse reactions were associated 
with any definite or potential human 
exposures. 

Of the 7 reports of possible human 
vaccine exposures, 3 incidents (4 per- 
sons) involved owners who put hands 
or fingers in a dog’s mouth to retrieve 
a bait, 1 incident involved a dog that 
licked 2 children right after rupturing 
the bait, and 2 incidents (3 persons of 
whom 2 were children) involved pick- 
ing up a potentially ruptured bait. 

The final possible exposure to vac- 
cine involved 1 of 4 persons hit by a 
bait. This person reported that after 
being struck, pink liquid spilled out of 
the bait. The bait was examined by 
program personnel and appeared to be 
intact. The other 3 persons (including 
1 child) hit by baits did not report vac- 
cine contact or injury. 

One uninsured person, who was 
sent to a hospital emergency room 
because of potential vaccine exposure 
to the eye, signed out against medical 
advice to avoid receiving a bill. This 
person was seen by a family nurse 
practitioner 2 weeks later. Results of 
an examination were normal, and the 
person refused to have blood drawn 
for rabies or vaccinia titers. 

Eleven children were involved in 9 
credible incidents. In addition to the 


previously described children, 6 chil- 
dren picked up intact baits. We 
received 2 noncredible reports: a child 
with a dog ate a bait and a child licked 
a bait. In the first case, the child was 
in a different city at the time the 
alleged incident occurred, and in the 
second case, the caller refused to sup- 
ply any information that could be used 
to validate the episode. 

Posters, brochures, a press confer- 
ence, and press releases have been 
used to educate the public to take pre- 
cautions (for example, wash exposed 
skin and never remove bait from an 
animal’s mouth) necessary to protect 
the most vulnerable. Callers were 
asked questions to determine their 
ORV awareness. Seventy-nine callers 
(75%) did not know about ORV activ- 
ities, and 75 (71%) did not know what 
the bait was before speaking with us. 
Those who did know about the pro- 
gram had most often learned about 
ORV programs through paid radio 
announcements in neighboring Ohio. 

Modifications for 2004 included 
an increase in media outreach in 
smaller markets and increased hand 
baiting. We received fewer reports 
(51, or 2.9 per 100,000 baits) of per- 
sons finding baits in 2004. 
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Salmonella 
Typhimurium 
Veterinary Clinic 
Outbreak 

To the Editor: The Emerging 
Infectious Diseases 2004 issue on 
zoonotic diseases (volume 10, number 
12) included a careful and comprehen- 
sive description of a Salmonella enter- 
ica serovar Typhimurium outbreak 
associated with a veterinary clinic in 
New York (1). In the outbreak, 2 cats 
and 1 dog had dental procedures per- 
formed, and the 3 owners, 2 clinic 
technicians, and a friend of an affected 
owner all contracted with salmonel- 
losis caused by the same strain. An 
isolate was obtained from an animal, 
but a source for the Salmonella out- 
break was not identified. 

I get 1 or 2 phone calls each year 
from veterinarians in Canada regard- 
ing recurrent problems of salmonel- 
losis in their clinics, though rarely 
with human infections. The advice I 
give the veterinarians, which stops the 
problem, is to stop using clindamycin 
as a routine prophylactic agent when 
carrying out dental procedures. The 
marked disruption of the colonic 
anaerobic microflora by oral clin- 
damycin will reduce the number of 
Salmonella organisms required to 
establish infection to very few. In vet- 


erinary journals, advertising for clin- 
damycin focuses on its use in prophy- 
laxis of infections after dental pro- 
cures such as cleaning, scaling, and 
extractions. Veterinary practitioners 
typically respond to my advice with 
initial disbelief because it challenges 
use of a procedure that is seen as stan- 
dard in veterinary practice. 

That “all 3 animal patients were 
treated after the [dental] procedure 
with a prophylactic course of clin- 
damycin” is the most meaningful fac- 
tor in this outbreak, but this point was 
not commented on by the authors. The 
apparently increasing use in North 
American dogs and cats of biological- 
ly appropriate raw foods diets, in other 
words raw meat, may be exacerbating 
the problem since most such diets are 
contaminated with Salmonella spp. 

(2) . In addition, Clostridium dijficile 
infection is increasingly recognized as 
a common cause of diarrhea in dogs 

(3) and might also develop in some 
animals treated with clindamycin, just 
as it does in humans. 

A number of antimicrobial drugs 
are likely to be as effective as clin- 
damycin for dental prophylaxis, if 
indeed any antimicrobial drug is truly 
needed, and these are considerably 
less likely to produce what is probably 
the side effect described in this report. 
Moreover, a canine dentistry text 
states, “Most routine dental cleaning 


procedures do not require antibiotic 
administration. The American Dental 
Association, the American Academy 
of Oral Medicine, and the Council on 
Scientific Affairs advise against the 
routine use of antibiotics for dental 
cleaning procedures” (4). The case 
reported by Cherry et al. probably 
supports this recommendation. 
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Behind the Mask: 
How the World 
Survived SARS, the 
First Epidemic of 
the 21st Century 

Timothy J. Brookes 
and Omar A. Khan 

American Pubiic Heaith 
Association, Washington, DC 
iBSN: 087553046X 
Pages: 262; Price: US $27.00 

Behind the Mask: How the World 
Survived SARS, the First Epidemic of 
the Twenty-First Century recounts the 
outbreak of Severe Acute Respiratory 
Syndrome (SARS) that swept through 
much of the world, especially Asia, in 
2003. The author does a superb job of 
telling the reader about what was 
occurring before SARS appeared, 
what happened during the outbreak, 
and what efforts are underway to pre- 
vent its return. The author has blend- 
ed research results and interviews 
with frontline staff, particularly 
healthcare providers, into 20 nicely 
interlaced chapters. The stage for this 
connnentary is a timeline of events, 
starting November 16, 2002, with the 
first known case of SARS in 
Guangdong Province, China, and end- 
ing in December 2003-January 2004 
with 4 cases of SARS and the slaugh- 
tering of -10,000 civets in 


Guangdong Province. Where possi- 
ble, the author avoided the use of 
medical terms and jargon and pro- 
vides helpful lay translations where 
their use was unavoidable. As a result, 
the book is accessible to readers both 
inside and outside the healthcare 
arena. 

The information presented in the 
book is, for the most part, current and 
accurate; different views and beliefs 
are presented when necessary. There 
are minor typographical mistakes as 
well as a few incorrect statements, 
such as in Chapter 1, page 6, where 
the author refers to past public health 
efforts to eradicate viruses. The author 
states that smallpox virus and 
poliovirus have both been eradicated 
and that both are now bioterrorism 
agents. However, despite tremendous 
progress through efforts of many gov- 
ernments and public and private enti- 
ties, poliovirus has yet to be eradicat- 
ed and is not regarded as a bioterror- 
ism agent at this time. 

With regard to SARS, however, 
the author successfully portrays the 
human side of the outbreak 
response — a response heralded as 
unparalleled by many of the involved 
officials. Dr Carlo Urbani, the World 
Health Organization (WHO) physi- 
cian in Vietnam who worked tireless- 
ly and who was an eventual casualty 
of SARS, is among the many heroes 
who are featured in this book. Lesser- 
known facts, such as the thought 
processes that led to identifying 


SARS, are also provided. For exam- 
ple, before the SARS coronavirus was 
shown to be the causative agent, the 
outbreak was thought to be caused by 
either avian influenza or chlamydia. 
The reader is made aware of all of the 
challenges posed by the SARS virus, 
such as the delay in recognizing that 
there was an outbreak, the difficulties 
in diagnosing and reporting the dis- 
ease and obtaining specimens, the 
breadth and scope of national and 
international collaboration and coor- 
dination, and not knowing the 
causative agent. 

This book does a nice job of giving 
readers a flavor of the experiences 
faced by persons at WHO, persons at 
the country ministry level, individual 
healthcare providers, and SARS 
patients. I highly recommend this 
book, especially to anyone who was 
not directly involved in the SARS 
outbreak response; they too can share 
the experience of the global commu- 
nity response to a disease that was 
first recognized in 1 province of 
China. 

Mehran S. Massoudi* 
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Prevention, Atlanta, Georgia, USA 

Address for correspondence: Mehran S. 
Massoudi, Centers for Disease Control and 
Prevention, 1600 Clifton Rd NE, Mailstop K20, 
Atlanta, Georgia 30333, USA; fax: 770-488- 
6450; email: MMassoudi@cdc.gov 



Search 

past issues 

EID 

Onfmc 

www.cdc.gov/eid 


1990 


Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 11, No. 12, December 2005 



ABOUT THE COVER 



Jan Brueghel the Elder (1568-1625). The Entry of the Animals into Noah’s Ark (1613) (detail). 

Oil on panel (54.6 cm x 83.8 cm). The J. Paul Getty Museum, Los Angeles, California, USA (92.P8.82). 
Courtesy of the J. Paul Getty Museum 


Painting from Life Nature's 
Unpredictable Menagerie 

Polyxeni Potter* 


6 his journeys Bruegel did many views from 

V>/nature, so it was said of him when he traveled 
through the Alps that he had swallowed all the mountains 
and rocks and spat them out again, after his return, onto his 
canvases and panels, so closely was he able to follow 
nature here and in his other works” (1). This brilliant lega- 
cy, become familial burden, framed the life and work of 
Jan Brueghel the Elder, Pieter Bruegel’s^ son, and his sons 
after him. Always measured against the original, “Peasant” 
Bruegel, descendants in this legendary family held their 
own, each making a mark, all painstakingly distinguishing 
themselves through the choice of subject matter and 
niceties of style. 

Jan Brueghel hardly knew his father. Orphaned soon 
after his birth in Brussels, he studied with Pieter Goctkind 
and Gillis van Coninxloo in Antwerp, learned watercolor 
painting from his grandmother Mayken Verhulst, and 
flourished under the patronage of great collector Cardinal 
Federigo Borromeo in Rome and Milan. Although he grew 
up copying his father’s works, he was influenced little by 
them or those of his brother, Pieter Brueghel the Younger, 


*Centers for Disease Control and Prevention, Atlanta, Georgia 
USA 


called “Hell” Brueghel for his fiery depictions of afterlife 

( 2 ). 

Art in the Low Countries during the 1600s was domi- 
nated by the Brueghel family, who worked in Antwerp 
amidst political and social change. The spread of human- 
ism affected popular tastes, favoring mythological over 
religious themes in the visual arts. And with commissions 
by the church, court, and nobility on the decline, painting 
specialties (genre, still life, landscape) appealing to 
patrons of more modest means became popular. The 
Brueghels so excelled in the new specialties that they cre- 
ated a trend for their generation, a bridge between the tech- 
nical refinement of Flemish primitive art and the expansive 
imagination seen later in the work of Peter Paul Rubens 
and his followers (3). 

Jan became known as “Flower” Brueghel, even though 
he started painting flowers late in his career. Tulips, 
hyacinths, marigolds, nasturtiums, and sunflowers were as 
new in Europe as the artistic genre they embellished. With 
a modern insistence on painting from nature, the artist 
traveled far to find flora for his lush scenes. Botanical 


^Spelling without "h" adopted in 1559. Sons maintained "h" in 
spelling of their names. 
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specimens of various seasons often appeared together in 
bucolic Eden-like scenes that earned him another name, 
“Paradise” Brueghel. As was the custom, figures in his 
scenes were sometimes painted by other artists. Rubens, a 
close friend, was a frequent collaborator, as with Madonna 
in a Wreath of Flowers for which Brueghel painted the 
iconic wreath. Jan Brueghel II (1601-1678) and 
Ambrosius Brueghel (1617-1675) continued the tradition 
of flower still life long after their father’s death of cholera 
in Antwerp. 

Jan Brueghel painted on various media, among them 
copper, an innovation learned during his tenure in Italy and 
exploited to full advantage in hundreds of paintings. The 
smoothness of copper allowed the brush to glide on the 
surface without the interruption or absorption characteris- 
tic of wood or canvas surfaces. Close-up forms were paint- 
ed with visible brushstrokes of thick paint, distant ones 
with fluid, thinly diluted paint. Even the minutest figures 
in the artist’s tightly structured compositions were distin- 
guishable (4). Meticulous attention to detail and ability to 
control the brush and create surfaces of exquisite refine- 
ment and sheen earned Jan his most common name, 
“Velvet” Brueghel. 

The Entry of Animals into Noah’s Ark, on this month’s 
cover, was methodically assembled. The sprawling back- 
drop was filled with detailed vegetation, for which the 
artist had become famous and which secured his legacy 
during his lifetime. The scene teamed with nature’s crea- 
tures, domestic and wild, from the tiniest to the most 
imposing, painted from life at Infanta Isabella’s menagerie 
of exotic animals in Brussels (5). Reminiscent of other Jan 
Brueghel paintings of animals in nature, the tableau 
reflected the interest and curiosity about natural history 
sparked by discovery of the New World and its exotic plant 
and animal life. 

Affection and concern for animals were also central to 
ark lore and its countless interpretations. When biblical 
balance and harmony broke down and precipitated the 
flood, animals were invited to the ark, as if world survival 


would have been unthinkable without them. Assembled in 
this unreal scene in their most realistic attire, they seemed 
unaware of the importance of the occasion. Oblivious to 
the clouds building in the horizon, many strayed from the 
shepherded line moving toward the ark in the far distance. 
Distracted, churlish, and unruly, they seized a moment of 
human inattention to wander off into mayhem. 

Jan Brueghel’s rendition of biblical survival seems alle- 
gorical of emerging zoonoses. As in this animal-human 
gathering, in nature, balance and harmony are imperiled by 
irregularity or unpredictable biological behavior for which 
no host defenses are immediately available. And like shep- 
herding skills, existing protective mechanisms can be 
overwhelmed by unexpected turns. Biological and social 
systems and infrastructures prove inadequate against new 
agents and modes of transmission and demand new meas- 
ures and approaches; among them, multisector alliances 
able to bridge the gap in public health response between 
recognition and control of new hazards to humans and ani- 
mals (6,7). Above all, closely following nature, proven to 
make better art, also makes better defense against emerg- 
ing diseases. 
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EMERGING 
INFEGIOUS DISEASES 

Upcoming Issue 


Special reports on influenza 

H5N1 Outbreaks and Enzootic Influenza 

Influenza Pandemics of the 20th Century 

1918 Influenza: The Mother of All Pandemics 

Swine Influenza A Outbreak at Fort Dix, NJ 
(January - February 1976) 

Reflections on Influenza in 1976 

Influenza Pandemic Periodicity, Virus Recycling, 
and the Art of Risk Assessment 

Swine Flu and the Fog of Epidemics 

Vaccines and Antiviral Drugs in Pandemic Preparedness 

Making Better Influenza Virus Vaccines 

Vaccines for Pandemic Influenza 

Pandemic Influenza Threat and Preparedness 

Influenza and the Origin of the Phillips Collection 

Economics of Neuraminidase Inhibitor Stockpiling Strategies 

Estimating Influenza Hospitalization among Children 

Influenza, Winter Olympiad, 2002 

Complete list of articles in the January issue at 
http://www.cdc.gov/ncidod/eid/upcoming.htm 


Upcoming Infectious 
Disease Activities 

December 5-9, 2005 

National Viral Hepatitis Prevention 
Conference 

Hyatt Regency Hotel on Capitol Hill 
Washington, DC, USA 
http://www.nvhpc.com 

December 10-14, 2005 

American Public Health Association 
133rd Annual Meeting and Exposition 
Philadelphia, PA, USA 
http : // w w w. apha.org 

December 11-15, 2005 

ASTMH 54th Annual Meeting 
Hilton Washington Hotel and Towers 
Washington, DC, USA 
Contact: 847-480-9592 or 
astmh@ astmh.org 
http://www.astmh.org 

2006 

February 5-9, 2006 

13th Conference on Retroviruses 
and Opportunistic Infections 
Colorado Convention Center 
Denver, CO, USA 
http ://www.retroconf erence.org 

March 16-18, 2006 

International Conference on Women 

and Infectious Diseases: Progress in 

Science and Action 

Marriott Marquis Hotel 

Atlanta, GA, USA 

Contact 404-371-5308 or 

omwh@cdc.gov 

http://www.womenshealthconf.org 

March 19-22, 2006 

International Conference on 
Emerging Infectious Diseases 2006 
Marriott Marquis Hotel 
Atlanta, GA, USA 
Contact 202-942-9330 or 
iceid @ asmusa.org 
http://www.iceid.org 

March 22-24, 2006 

International Symposium on 

Emerging Zoonoses 

Medical and Veterinary Partnerships 

To Address Global Challenges 

Marriott Marquis Hotel 

Atlanta, GA, USA 

Contact 202-942-3-9330 

http://www.isezconference.org 
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Editorial Policy 
and Call for Articles 

Emerging Infectious Diseases is a peer- 
reviewed journal established expressly to promote 
the recognition of new and reemerging infectious 
diseases around the world and improve the under- 
standing of factors involved in disease emergence, 
prevention, and elimination. 

The journal is intended for professionals in 
infectious diseases and related sciences. We wel- 
come contributions from infectious disease spe- 
cialists in academia, industry, clinical practice, and 
public health, as well as from specialists in eco- 
nomics, social sciences, and other disciplines. 
Manuscripts in all categories should explain the 
contents in public health terms. For information on 
manuscript categories and suitability of proposed 
articles see below and visit http://www.cdc.gov/ 
eid/ncidod/ EID/instruct.htm. 

Emerging Infectious Diseases is published in 
English. To expedite publication, we post articles 
online ahead of print. Partial translations of the 
journal are available in Japanese (print only), 
Chinese, French, and Spanish (http://www.cdc. 
go v/eid/ ncido d/EID/ trans . htm) . 


Instructions to Authors 

Manuscript Preparation. For word processing, 
use MS Word. Begin each of the following sec- 
tions on a new page and in this order: title page, 
keywords, abstract, text, acknowledgments, biog- 
raphical sketch, references, tables, figure legends, 
appendixes, and figures. Each figure should be in a 
separate file. 

Title Page. Give complete information about each 
author (i.e., full name, graduate degree(s), affilia- 
tion, and the name of the institution in which the 
work was done). Clearly identify the correspon- 
ding author and provide that author's mailing 
address (include phone number, fax number, and 
email address). Include separate word counts for 
abstract and text. 

Keywords. Include up to 10 keywords; use terms 
listed in Medical Subject Headings Index Medicus. 

Text. Double-space everything, including the title 
page, abstract, references, tables, and figure leg- 
ends. Indent paragraphs; leave no extra space 
between paragraphs. After a period, leave only one 
space before beginning the next sentence. Use 12- 
point Times New Roman font and format with 
ragged right margins (left align). Italicize (rather 
than underline) scientific names when needed. 

Biographical Sketch. Include a short biographi- 
cal sketch of the first author — both authors if only 
two. Include affiliations and the author's primary 
research interests. 

References. Follow Uniform Requirements 
(www.icmje. org/index.html). Do not use endnotes 
for references. Place reference numbers in paren- 
theses, not superscripts. Number citations in order 
of appearance (including in text, figures, and 
tables). Cite personal communications, unpub- 
lished data, and manuscripts in preparation or sub- 
mitted for publication in parentheses in text. 


Consult List of Journals Indexed in Index Medicus 
for accepted journal abbreviations; if a journal is 
not listed, spell out the journal title. List the first 
six authors followed by “et al.” Do not cite refer- 
ences in the abstract. 

Tables and Figures. Create tables within MS 
Word’s table tool. Do not format tables as columns 
or tabs. Send graphics in native, high-resolution 
(200 dpi minimum) .TIE (Tagged Image File), or 
.EPS (Encapsulated Postscript) format. Graphics 
should be in a separate electronic file from the text 
file. For graphic files, use Arial font. Convert 
Macintosh files into the suggested PC format. 
Figures, symbols, letters, and numbers should be 
large enough to remain legible when reduced. 
Place figure keys within the figure. For more infor- 
mation see EID Style Guide (http://www.cdc.gov/ 
ncidod/ EID/style_guide.htm). 

Manuscript Submission. Include a cover letter 
indicating the proposed category of the article 
(e.g.. Research, Dispatch) and verifying that the 
final manuscript has been seen and approved by all 
authors. Complete provided Authors Checklist. To 
submit a manuscript, access Manuscript Central 
from the Emerging Infectious Diseases web page 
(w w w.cdc . go v/eid) . 


Types of Articles 

Perspectives. Articles should be under 3,500 
words and should include references, not to exceed 
40. Use of subheadings in the main body of the text 
is recommended. Photographs and illustrations are 
encouraged. Provide a short abstract (150 words), 
a one-sentence summary of the conclusions, and a 
brief biographical sketch of first author. Articles in 
this section should provide insightful analysis and 
commentary about new and reemerging infectious 
diseases and related issues. Perspectives may also 
address factors known to influence the emergence 
of diseases, including microbial adaptation and 
change, human demographics and behavior, tech- 
nology and industry, economic development and 
land use, international travel and commerce, and 
the breakdown of public health measures. If 
detailed methods are included, a separate section 
on experimental procedures should immediately 
follow the body of the text. 

Synopses. Articles should be under 3,500 words 
and should include references, not to exceed 40. 
Use of subheadings in the main body of the text is 
recommended. Photographs and illustrations are 
encouraged. Provide a short abstract (150 words), 
a one-sentence summary of the conclusions, and a 
brief biographical sketch of first author — ^both 
authors if only 2. This section comprises concise 
reviews of infectious diseases or closely related 
topics. Preference is given to reviews of new and 
emerging diseases; however, timely updates of 
other diseases or topics are also welcome. If 
detailed methods are included, a separate section 
on experimental procedures should immediately 
follow the body of the text. 

Research Studies. Articles should be under 3,500 
words and should include references, not to exceed 
40. Use of subheadings in the main body of the text 
is recommended. Photographs and illustrations are 
encouraged. Provide a short abstract (150 words), 
a one- sentence summary, and a brief biographical 
sketch of first author — both authors if only 2. 
Report laboratory and epidemiologic results with- 
in a public health perspective. Explain the value of 
the research in public health terms and place the 


findings in a larger perspective (i.e., "Here is what 
we found, and here is what the findings mean"). 

Policy and Historical Reviews. Articles should 
be under 3,500 words and should include refer- 
ences, not to exceed 40. Use of subheadings in the 
main body of the text is recommended. 
Photographs and illustrations are encouraged. 
Provide a short abstract (150 words), a one- sen- 
tence summary of the conclusions, and brief biog- 
raphical sketch. Articles in this section include 
public health policy or historical reports that are 
based on research and analysis of emerging disease 
issues. 

Dispatches. Articles should be no more than 1,200 
words and need not be divided into sections. If 
subheadings are used, they should be general, e.g., 
“The Study” and “Conclusions.” Provide a brief 
abstract (50 words); references (not to exceed 15); 
figures or illustrations (not to exceed 2); tables (not 
to exceed 2); and a brief biographical sketch of 
first author — both authors if only 2. Dispatches are 
updates on infectious disease trends and research. 
The articles include descriptions of new methods 
for detecting, characterizing, or subtyping new or 
reemerging pathogens. Developments in antimi- 
crobial drugs, vaccines, or infectious disease pre- 
vention or elimination programs are appropriate. 
Case reports are also welcome. 

Commentaries. Thoughtful discussions (500- 
1,000 words) of current topics. Commentaries may 
contain references but no figures or tables. 

Another Dimension. Thoughtful essays, short 
stories, or poems on philosophical issues related to 
science, medical practice, and human health. 
Topics may include science and the human condi- 
tion, the unanticipated side of epidemic investiga- 
tions, or how people perceive and cope with infec- 
tion and illness. This section is intended to evoke 
compassion for human suffering and to expand the 
science reader's literary scope. Manuscripts are 
selected for publication as much for their content 
(the experiences they describe) as for their literary 
merit. 

Letters. Letters commenting on recent articles as 
well as letters reporting cases, outbreaks, or origi- 
nal research are welcome. Letters commenting on 
articles should contain no more than 300 words 
and 5 references; they are more likely to be pub- 
lished if submitted within 4 weeks of the original 
article's publication. Letters reporting cases, out- 
breaks, or original research should contain no 
more than 800 words and 10 references. They may 
have 1 figure or table and should not be divided 
into sections. All letters should contain material 
not previously published and include a word count. 

Book Reviews. Short reviews (250-500 words) of 
recently published books on emerging disease 
issues are welcome. The name of the book, pub- 
lisher, and number of pages should be included. 

Announcements. We welcome brief announce- 
ments (50-150 words) of timely events of interest 
to our readers. (Announcements may be posted on 
the journal Web page only, depending on the event 
date.) 

Conference Summaries. Summaries of emerging 
infectious disease conference activities are pub- 
lished online only. Summaries, which should con- 
tain 500-1,000 words, should focus on content 
rather than process and may provide illustrations, 
references, and links to full reports of conference 
activities. 


